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IBS. EFFECTS OF SMALL^ROUP DISCOVERY LEARNING ON STUDENT ACHIEVEMENT! 
A8D ATTITUDES IN CALCULUS . Brechtlng, Sister' Mai^r Catherine; Hirscfc, 
Ouristian R. MAJYC. Journal. vll-n2/pp77-82. Spring 1977. 

Expanded Abstract andf Analysis Prepared 'Especially for I.M.E. by Douglas 
T. Ovens, The University of British Columbia. I 

1. Purp'p8e» * ^ ^ ^ 

• The purpose of this study was to "...Investigate the relative ef^ica 
of a small group-discover/ method and the conventional lecture-discyssion 
method In promoting concept attaintoent^'akill acquisition, and favorable 
attitudes, toward mathematics in an introductory Calculus course" (p. 77). 

2. ' Rationale ^ • , ' 

The: study#wa8 b^ed upon three, assumptions: (1) studentr, Shoiild be 
active participants in the process of learning. mathematics; (2) the * ^ 
student should discover for himself or herself as great a part of the, 
mathematics as feasible; (3) learning is a social activity in yhich the 
learner is a partner in a shared activity. The study was undertaken to 
. provide further empirical d^a regarding the viability of a small-graup^ 
'discovery approach to calcimis instruction which was formulated and 
tested by Davidson- (1971) . ^ * - 

3. Research Design and Pr ocedure / 

» , r — ♦ / 

Subjects for. the study were 46 students enrolled in two afternoon 
secticms of an introductory calculus course durj^ winter Semester at > 
Western Michigan University, un'e section was chosen to use the experi- 
mental materials (N « 21) and the other was designated the .control grtup 
(N * 25). For instruction, the experimental sfection was divided into 
five groups of four or iive with the- flexibility of reorganizing the 
' groups between unitS of instruction. With guidance from the Instructor, 
the students formulated definitions, constructed exanples and. counter- ^ 
exain>les, discovered techniques for solving classes of problems, and J 
developed the usual skills of a traditional calculqs course.- The same • 
content was^coverfed by the;experimental and control ^rtups. ^ The (fontrol 
grqup was ^pa^rently taught by a different instructor whose methods were 
i^epresentative of a conventional lecture-discussion approach. * 

^ Subjects were given a pretest of 35 multiple-choice itemi to measure 
pre-calculus competjfnce in algebra and analytic geoitetry. The reliability 
esti^te (KR-20)v was 0.86. The post-test df achievement consisted of 36 
multiple-choice Items, in which items measuting understanding of concepts 
alternated wit^ itemd jesting ijanipulative skills* The KR-20 reliability 
estimate for the totkl test was Oisfi, but^ reliabilities for the subtests 
were not r^ported.^ - ^ - ' ' 



The Aiken-Dreeer Revised Mathematics Attitude Scale (Aiken, 
was administered ti^ice as pre-, and post-measures i€ attittide tovi 
mathematics. . InTadc^tion, the subjects in the experimental grou^^ere 




a8l:ed to- complete an open-tended questionnaire regarding the ix .learning * 
eayironment. * \ . . \ 

One-way analyses of covariance with^pre-calculus -test scores as > the 
co^ariate werq performed on, the data from the skills si^test, t^ie concepts 
ku|)test, and total achievement. Similarly, analysis of covariance was used 
to analyze the attitude data with the'pre-treatment attitude scores as; 
the covdtriate.. The investigators were careful to check for homogeneity 
rof regressioa in eack analysis. 



4. • Findings . , . * ^ 

Significant differences were found in favor of the treatment groups 
for total achievement . (p < .02) and skill Acquisition (p < .01). No 
significant difference was foudd for concept attainment, hut the observed 
differences favbjred the experimental groupl. A ppst hoc analyses showed 
a significant Interaction (p < .02) between pre-calculus competence and 
treatment on only those (apparently seven) Items ^dealing- with differentia- 
tion concepts. . . 

There was no 'sijgnif ica^t difference between treatmeni groups with 
regard ^to attitudes toward 'mathematics, but the observed difference favored 
the experimental group. Results of the open-ended quesitionnalre were 
generally favorable. Twenty-six positive comments were summarized, with 
an 'indication that there were many 'more, 'and only two negative comments 
were given hy two stiidents. . v . ' 



5. In terp r e t a 1 ' 



a.^ 



b. 



c. 



f 

d. 



Generally, use of a small-group discovery ^.eax^pg method 
can h6 an effective means of Improving Student achievei|ient, ' 
especially skill acquisition, iji an introductory calculus • 
course. 

• ■ • v 

It was suggested that the difficulty oi^the items oa the * 
concept test may have resttlted in random e^rrors of mea-* ' 
surement and .reduced the possibility of finding af " ^ 
sigQificant diffference. The significant inter action* on 
the post hoc analysis was interpreted to mean that stu- • 
dents who scared above 14 on the pre-calculus test (the 
point at which- jdi^ lines' intersected)* ^itid a better under-*- 
standing of differentiation if they were In the small- 
group t discovery settings and students who scored 14 or 
less did better in the ccfipventlonal dec t^e ^situation. 

Modt students .had favbrJS!^ attitudes toward the .small- 
group discovery methods improvement of attitud€|s toward 
mathematics were only slight./ Attitudes toward mathe- 
matics* in the control ^group 'declined. . 

It appears 'that small-group cflscovery learning is a : 
viable alternative to conventional instruction in 
introductory xalculus., 




It deems des^rabl^ to InyestlgateWijls method in pr^r 
calculus CQurseff. • ' 

^ , - - * 

? \ Cyltlcal Commentary 

^ • I \ ' ' 

The Investigators are to be coiftnended for doug a useful piece of 

research. Ascertaining Alternative methods 6f o^a^xia lxistructl<m Is 

vortfawhlle area for Investigation • 

The report Implied, but never explicitly stated, that different ^ 
instructors were used for small-group discovery and ^tradltioifal lectbre- 
discussion trVfttments. Thus, apparently, there was no control over the > 
confounding of a possible "Instructor effect" and the treatment. 

A reliability estlm^e Is reported for the total posttest. Wouldn't 
It be desirable also to know the reliabilities jof the two subtests of 
concepts an^ skills^ since Interpretations of these results are to made? 
What was the reliability of the subtest on \Ai±c^ the interaction efcfect 
found? • . ^ ^ 

In the investigators* disc|^ion section, it was mentioned that an 
It^ analysis had been* performe*on the concepts and skills subtests. 
Th^re were other Instances of results being, reported for the first time 
In the dLscjussldn section. . Would ' it be preferable to Include these as , 
resiilts of the study before they are iised as a basis for Interpretation? 

the Investigators had .a tendency to report "observed'* differences in 
^oup means and Interpret "slight" diff fences when differences were not 
statistically significant." It. sterns preferable to more readily acfcept a ^ 
tiull hypothesis 'of no difference In these instances. * ^ . 
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PROBABILITY AND STATISTIC?|JN HIGH SCHOOLZ Callihani Hubert D/; Bel^, 
Juae 1977. ' . ' . /^^' 



:?IIN H 

Frederick H. School Sclen^^d Mathematics, v77 nfi^, pp418-426', May- 



Expanded Abstract and Analysis' Prepared Es^qlally -for I.M^E, by-Rebert 
E. Se^s^ University' of Missouri,' ^ ^ 

!• Purpose \ • /- * I / 

Tb^ pur|)ose of this Mudy Vas to gathet Information about probability 
and statistics offerings In Pennsylvania secon^^ry schools. The study' 
s^ght to answer specific questions such as: - ' 

^(a) Do teachers think probability and stsTtlstlcs cpurses 
belong In the secondary mathematics ciirrlculxim? 

(b) Do secondary math^tfiatlcS teachers think' they are adequately 
'prepared to offer pirobablllty and statistics coursed? . 

(c) What variables affect the- probability and statistics offer- 
ings In secondary schools? i * i 

2. Rationale ' * , ' 

'Probability and Statistics are very rni^oh a pdrt of our dally lives. 
It Is essential that students develop ru<^linentary concepts of* probability 
and statistics; Such recommendations have been made by various grdups: 
Cooimlsslon on Mathematics^ 1939; ^Cambridge Conference, 1963; and the 
Conndttee on Undergraduate PrograiDS In Mathematics, 1971. It Is Importaiit 
that the current Impact of these Recommendations on mathematics programs 
be assessed. Suqh information will provide valuable baselines data-^r 
determining where we are and provide evidence to help prompt^ future 
curriculum change. \ ' ' 

3j. Research Design aiiji Procedure * ' ^* 

A data form and an opinnlonalre designed by the researchers tb 
determine various information related to probability and statistics were 
sent to 200 Pennsylvania secondary schools randomly selected from those 
listed In the College Blue Book . ' • ' ^ ^ ' ^ 



4. • Findings * , 

♦ ** 
One hyndred fifty-eight (792) of the data forms and oplnlonnaires 
were returned.^ Here are some highlights of ^e f Indlngsl 

' ' * ' ^ ^ ' TV 

15Z of the schtfOls offered a complete s§mest)er coui(g^ In 
prdb^ablllty and statistics. 

74Z felt that* a probability <:ourse 'should be Included In the 
secondary currlc^xlumi(>. 



50Z felt that 'a course in statistical Inference 'should be . ^, 
included in the seponddi^ curriculum. ' / ' * - ' * * 
* * • * ' 

. 90Z of the sBipols .repoorted the^ had at l^ast dde faculty 

■enber qualified to te^f a cpurse In probability and statistics. 

33Z of the schools not currently offering a course in probability 
and statistic^ reported they were planning to offer sueh a course. 

17Z felt that teacher preparation p^grams were adequately prer . 
paring mathematics' uachers with regard to probability ^nJ 
statistic^; 49Z felt they were not adequately preparing teachei 
in this regard. 

The most frequently cited reasons for not offering a cpurs»ln 
probability and/or statistics vefe lack ^ time in the schidul|/X33Z) and. 
not enough mathematics teacbeVs available (15Z). > »/ 

In additdon to* reporting' these destrlptlve statlstl^^the authors 
reported results from several chl square tests. Here aig^sowe of the 
finding^: - , / CJ> 

.The amount of probability and statistics oCferdT'is not 
i sig^ficantly related (p < '.40) related to sj|^ol size. 
^ ♦ • 

Availability of qualified Astructora^ln wobabillty and 
statistics Is significantly (p < .05) dejflndent upon the 
^ school size. 

- , . • ^ . 

PUture plans of sdiools^ having -no coutses in probability and/ 
op statistics ^are not significantly /dependent (p < .54) upon, 
teachers' opinions about statistic^ belonging In the secondary 
curriculdm. ^ * - 



\ 



5.* Interpretations 

Most^ sepondai^ ma|:hemdttts. ^acherjSf Izi Pennsylvania f^el that 
probability and statistics belon/ln the secondaigr curriculum. More than 
half the schools ,are planning courses ^ probability and/or statistics in 
the near future {n. light of tnls movement, It is sail that few teachers 
feel that teach^ education programs are preparing prospective teachers 
to handle dourse^ in probability and/or stanstlos. 
^ . ^ . / . 

Critical Commentary ^ 

This type of status study J.8 needed across *the country. It prSvldes 
•a gl||q>se of the current status of probability and statistics In the €iVer* 
ch^ging secondary mathematics program. 



>In reading this research report^ the foXloijlng questloiis-^aai concerns 

(1) JJas theJre an inherent bias in the sample? A simple randoip 
8anq)lingiwas u§ed. The College Blue Book provided the 
^ J^Qpulatibn list of schools. /This« listing of schopls raises 

* a questibif about the representativeness of the sample. It 
.9eems liWely^that the isanyple will be weighted toward smaller 

* schools vnich, although greateiv in, ninnber, 'tctually enroll 
r ^ small ptipportion of students. ^ On the other hand><the ' . 

nun^er of ,large schools is much smaller, yet they coll'ec- ' 
tiv^ly enrdll a. higher percentage of J the total students in 
schoqls No^mentioii of this bias .or .safeguards against i| 



(2) 



(3) 



' weoe metitloi 

Operatidjial definltiotis of key tei^to such as "qtiallf ied^ 
instrjictors,"\"portion of course devoted to probability* 
and s|atistics\V ,and "ajibstaitial part of' fourse devoted 
to probability Wxd statistics,') are needed: Without a 
clear understanding of just-^at these terms mean—by 
researchers, participants,* and readers~any re]^^lted cdn- 
. elusions are fraukht witK* .danger. For t&at very reason 
this reviewer avoiited any discussion of findings ^related 
to schools' cui^rictila as '•modem,"; "middle of the yo^," 
or "tradltibnal." These are loaded with many different 
ccmnotations and too'i^y untfer tain ties to warrant 
dlscussidn. 

^ 



r 



Some^ additional relatioiiships might have been" explored 
using' th# same data. FoA instance, was there a signifir 
. j^t relationship between^chools with at leadt one 
I qualified instructor aAd those schools which offered a 
complete course in pr<^babill^ty and/iar statistics? Is * ^ 
there-.a significant, relationship between those who say a 
course in probability belongs Vn the secondary curriculum' 
. and whether or not their school is offetina such a course? ' 

Shotild Similar studies be made, it would be Interesting to explere 
several additional ar6as. In curriculum, foi; example, what is the nature 
of probability and/or statistics courses? there universally conmicm 

topics? H6w much "time is devot€it to^them?. Ih teacher preparation, it \ 
vould be valuable* to know just how^-^hese tea^Klfe^ii^^^ded ^hether or not 
they had a faculty mfember quallfiell to fteach a couWe in probability and/ 
or statistics. .What- «ype of backgrounli did they consider necessary^ How 
many courses (|ftd what type) would be necessary to prepare qualified 
i&8^0i'ctors? How do these duggestiond compare with current mathematics 
education pfograms for' preparing prospective secondary teachers? 



/ 
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COlffARAtlVE EFFECTS OF ^REE SEQUENCES OF MOVES FOR TEXCHING SELECTfiH 
MATHEMATtCAL CONCEPTS TO COLLEGE STUDENTS. -Cataniano, R. ; Godwin, w7 ^ ^ 
Joyrnal f or Research In Mathematics Education .; Dpa76r-28<^^ 

^ • ^ ' y. ' . ' » • ' '* . i' ^ . 

Expanded Abstract and Analysis Pteparpd Especially: for I.M.:£. ,by 
George W. -Brlgljt, Northern Illlnolfe University. / ^ ' 

1. ^ Purpose ^ ' . • . . ' • 

The primary purpose 6f the study jgjj to test the 'effectiveness of 
three sequences of teaching moy^s in teaching three unrelated mathematics 
r coHcepts to prospective elementary-school teachers. A secondary purpose * ' 
V4S to gather information on the length of time required to teach each 
sequence,, the preference of students for the sequences, student recogni^ • . ' 
tion of differences in the sequences, and the difficulty of using the 
sequence. . ' • , , • • • 

2. Rationale ' • • . . ' 

, , - . _ • . • . ♦ 

The' study> derived from Henderson's model for the tea(%hg of / 
mathematics, extended two earlier experiments by altering thFlnstructional m 
mode and by.measutlng multiple levels, of abstraction and the sense of 
Diepes. • . ,, J • 



3. Research Design and Procedure ^ " • 

• Tfce concet>ts of (a)' plartitioning of a. set, (b) function, and (c) mod 
■5 addition were taught by three sequences of movers: 

^ • -i ' ' •• ' ' • . . 

CEt . I characterlzatloB-exempllflcatlpn ^ 

, ECE: exempiif lcatlon-charactei?lfeartlon«exempllf Itrfatlon 

ECEj Exempllf IcatloA-characterlzatlon^exempllf fcation ^ 

(lnt«rogatlve). • * ^ 

The CE sequence contained' only declarative s^tements. The ECE sequence 
contained gome declarative and some- Interrogative statements, although 
the characterization moves were Interrogative. \The ECEj sequence con- 
tained only interrogative statements, with one metalanguage declarative. ' 

Thirty prospective elementary-school teachers were« blocked in groups 
of tKree. individuals bj^ achievement, ajid' the, subjects in eacH block were 
randomly assigned to three groups, ^roup A was taught concepts 1 (CE)^^ 
3 (CE), and 2 (ECE); group TB, concept;s 2 (ECE), 1 (ECE) and 3 (Eil^; and. 
group C, concepts 3'(ECBi), 2 (CE), and 1 TeCEi). One college instructor 
and two MOspectlvje siecondary teachers taught the concepts, Each instruc-" 
tor' taught a single cpncept-But used. all three sequences of moves. The 
sequences of moves but not the answers to problems or to interrogative 
statenjents were ^Nrinted in instruqtibnal booklets. Instructors read all 
moves aloud, while 'students read them silently. Instructors checked 
8tud§nt responses for correctness* ^' • - 



The duration of. the experfinent /was -seven d|tys, three for the ;tre'a tinea ts 
fdiowed by a four -day de,lay,l)eforfr;,fhip^^l^Bntfou testj For each concept * 
ap imniedlate acquisitioii^ieSt waS^ giveSi.^cpj^ three sulJtests.' S^b-*- 

te^t 1 contained protrleins* taken dii^^ctly; irom the ^treatments • Subtest 2, ' 
contained^ "proW-ems with ^ejei^i^a^ from those 

presented dulring instructi<5n'*^tr>-^^^ probJjems i;epreseti£ed the 

l^rimitive generalization I6vel In thi* sense of Dlene?* * Subifest 3 con- \ 
gained problems requiring vertical transfer, called the process of . 
abstraction by Dienes. A 15;-item (5 p^r concept)* shojrt-term retention 
test was giv^'n four day§ after Che end of the tre^ tmeitts.* A nine-item- 
questionnaire was given immediately prior t6' the Bhpft^term retention j 
test. A randomized block design/ ANOVA was used jfb analyze ^the d^ta;* 

•/ ' * 

4. ^Findings / . . ^ , • ^ 

TWo significant F Ratios yerre found fbr*the ^ores rdlated*tb the^ 
partitioning concept; for s.ub test \i CE > ECE,. and t(bv the retention 
test, ECE >^CE. For the mod* 5 addition l/2(qE^+ ECE) > ECEj on subtest 2^ 

Nine of ten subje'cts in.gifoup'B, ^i^was taught solely "Sy- ^Cfe, * 
reported '"tliat they had received the same kind^of instruction for each, 
concepts •Twelve of twerftj^subjects fh groups A and C reported that^they 
had received dMferent types of instruction; , ^ 

• . •/ 

' ^ *: • . , * . * " , 

5, Interpretations . ' ^ • . * ^ * , 

* ^ ' j'' » - • . ' 

t ' . * ' * ' ' 

The data, with a few very specific exceptions-, support the conclusion 

that the *three .sequences of moves were eqfi^ly effective. Students seeme^^ 

to be able »to recognize the same or different modes of instructj.on. Xrenc^s 

ln« the data suggested that the CE sequenci^ was most effective for immediate 

acquisition, while the ECE secjtlence s^ppo^ted short-^term retention' bes^« 



V 



'Critical ComiAenta\ 



(1) ' The study seems to be carefully constructed, well-executed, and^ 
iiDportant as part syf a long-ranga stud)| of the effec.ts of sejiue*»ces df 
teaching moves. The report of tjiie study, however, is ^complete and con- 
tains some information which appears contradjicfory; Several questions 
also n^^d to be raised concerning the exp^iiAiSlptal desigp and inter- 
pretations. ^» ^ * , 4, s . 

(2) The relationship of this study to the^previous research i-s 
Clearly established. The experimenters |ire to^^e congratulated both for 
building on earlier research and £or assuming the reader's familiarity . " 
with the termlnolbgy of a/j^ information contai^d in the earlier work^'. 
'However^ because of its age and the source ofi^ publication, the Dienes 
reference oii^ gineralization and abstraction shduld hdye been summarized \ 
'more completely.' * . ' / ' * , , 

' O) The criteria' for selecting, the cbnc^pts to be taught may' not 
have been satidfied^ completely. , Certainly mod 5 arithipetiQ *could be con- ^ 
sidered a function from {0;i4»3,4} x {0,1,2,3,4} . to {0^,2,3,4}. 
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Ihfe reader is never told 'whether ''.allusion^ were made to function concfepts 
-^di^ing the instruction on mod 5 arithmetic. 

i^y There was considerable discrepancy in the number^ of moves used 
for each sequence. For example,^ in teaching part itionittg^ the CE sequence 
^ ccfnsisted of 5 moves; ECE^ 14 .moves; and ECEj, 10 moves./ Explanation' of * 
this discrepancy was nevet off^ed. Too, the criteria fcrr selection 6t 
specific moves were not preseritfed. If 5 moves are sufficient for CE, tl^en 
14 moves for ECE may constitute o^r teaching. ' . 

Students answered the interrogative statements 
writing answers in the booklets) apd iastc&ctors checke 
correctness. How were, incorrect responses handled? Wi 
stated or were more questions asked?- What percentage 
respcnises. were wrojig? ' . ' 

(6) The explanatiori of the epcperimental design is the' most confusing 
part pf the report, According to the tjext, '"the'.three differew: groups 
A, B, and C, had been taught thre^ different ways' (the treatments) " 
(p. 281), This reviewer Interprets, tlf^t to" mean that each group received 
all three treatments. According* to Table 1,' howevef,' group 'B received 
only ECE and^^ups A and C. received two treatments eaph. The information', 
li^he table s^ms to be more consistent with later discussion, so the 
= textual, description was ignored. The assignment of ECE to. a single groi^ ' 
seems to be a seripus confounding factor tft^t was n^ver r-ecpgnized. 

> (7). The claim (p./262) that ECE was superior ion subtest 2 is not 
borne out by thr'data ofirtble 2. The to t&l subtest 2 score 'for the CE' \ 
scqi^nce was higher than the-tptal for the- ECdsequence. Also," no 
explanation was given for the different distributirais of -test items' 
acirods- subtests in the immediate acquisition tests for the three^ohcepts. 

, ^ . ,\ ^v-- 

(8) It seems odd |hat of 14 'sets of test scores fsubteste^ coinposite 
tests, and retentiotr tests), only 2. showed any effects of thf. blocks used . 
to construct 'the experimental groups. . (F-s.tatist'ics were not, reported 
tpr the blocks, so they were computed by the reviewfe^r.) . Since the blocks ' 
were 'identified on the basis of previous achievement, then the lack of - 
effect of blocks suggests . thjat the mathematics concepts used,may not be ' 
Tepresentative of . liatlj^matics taught to . these, sub jects . Such a condusiiw 
if accurate, would call into question all implications for -classroom ' 
Instruction. \ . - , . . ; ^ 

, (9) The authors seem to confuse observations arid conclusions . for 
«cain>le, it w^ oWrved that the presentation time oif the CE seq.uence • 
-ranged fpm 6 'to^ 4iiinutes" (p. 285). One of the conclusions, however, ' 
wa9 that, the CE seqMtnce was fotod to take frpm 6i to- 8 minutes to eiecute" 
(p. 2877. Similar repetitiveness appeared in the reporting of statistical 
results as concJj^ions. Consequently, the synthesis" of the results iS - 
very weak. ' 

(IP) The, apparently greater Effectiveness for the ECE sequences on 
.the detention test may be explained by the fact that ECE waslgiven in the 
saae group three times. Consistency of sequence may promote retention 
independent of the particular sequence used. 



(JLl) The preference of subjects in groups. A and C for sequences CE 
.an|tECEj;i respectively, may l>e explained, by the fact that' these sequences 
wire the fir^st sequences tii^t these subjects were exposed, to • 
' ' ' > • r > - ' ' 

, '(^), Tlie discussion of need for including specific kinds and- 
orde rs moves in the 'ECE sequence is not bas^rf on any clearly identified 

from the fexperiment. The .basis for this discussion needs to-be more 
■pirly identified. 

, * (13) Most of *the criticisms outlined ^above^ result^ from omissions in 
the xepor^ of the experiment* Researchers must realise that their work 
Is not . done until the report' of the experiment is bitten. As much care, 
attehtfon to detail, aa4 technique are requirtd for writing the report 
as fori conducting the experiment. The lack Ql>ftention <to detail in'the 
writing of this article seriously detrac^i^s from the overall inq>act of 
the research. 
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SMALL GROUP INSTSUCTION: A 'STUD? IN REMEDIAL MATHEH^ICS. Cha^g, Plng-Tuag 
The MAIYC Jouroal> . vU n2, pp 72-76, Spring 1977. " J 

Expanded Abstract and Analysis Pr^ared Espyially for I,M.E. by Edwdrd 
Uprichardy Uniyersity $t South Florida. 

- * - ■ - \: 

li - Purpose 

c . ^ . 

♦ I*- ' 

The purposjj of this study was to investigate- the differential effects 
of two Instructional processes (spurll-group method and lecturer-demonstration 
aediod) "in order to develop an iiq)roved instructional approach. for tfeaching 
teaedial math^aatics 'at the community college level. ^ 

To fulfill the prlDaary purpose of this study, it was necessary to 
address the ^olj.owing subproblems^ ^ * , ' 

(a)^ io determine whether the instructional process^ (sma^l group* 
■Ifthod and lecture-demonstration method) had a positive impact 
oSl achievement . v . ' ^ ^ ^ 

f * 

' (b^ To determine whether the instructioxial processes (small-^roup 

aethod and lecture-demonstration method) Ited a pbsitive inq^act 

ion the attitucfes toward mathematics. _ . ^ " . 

V • ^ ' \ • ■ . - - . ■ * - 

2. Rationale , * h 

Considerable interest is being shown among, various college mathematics 
faculties in developing effective methods for teaciiing rieme^al mathematics. 
Methods presently employed vary f ^om such strategies as the lecture- ' 
deaonst ration method to self -paced instruction. Currently » some ^search 
is emerging which supports a category of methods customarily referred to as 
"small group." instruction. 

Olsen^y Phillips » 01mstead» and Thoyre have studied the effectiveness 
of various forms of the ^mall-group approach » and the results support the 
contention that the small -group method is an appropriate strategy for 
teaching mathematics. . 

3. , Research Design and Procedur e \ 

^ , • •,. ' 

In order to accoiiq>lish the purpose of the study» the author used two 

classes of stuclents enrolled Jm, Math 99 at Gordon Junior Collegia. The 
ae^^ds of, instruction were »ndomly assigned so khet one class (^kperi- 
aentkl group) was taugljt by the "sutfPLl group^Vmethod, and the mother (control 
groi^) was taught by t^e "lecture-demonstration" »thod^ Each class con- 
tainlftd 14 students. 

Math 99 is a remedial course in' basic arithmetic and elementary algebra 
fat students who are not sufficiently prepared to begin a college-le^l 
aathematics course. ► Students are assigned to Math 99 using the following ' 
criteria: , • - ^ ^ 
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(1^ A combined SAT score of 650 or less, and 

(2) A score below 43 on Test D of i^ie Cofin>arative Gul.dfnce.and: 
I^PlacementJTest (CGP) ^ ' ^ ^ 



The p^ptem for conducting the class using jdte small-gro^ method 
(8tudeAit*-centered) was: , 

^ (1) Following the admfhlstratJPon of Protest 1, the class was divide* 
Into small ^groups of three^ or fcTur students each, with the stu- 
dents receiving higher scores on tahe pretest beJjig assigned 
evenly among the gyoupsr * ' 9 

. (2) The. instructor lectured the first five to ten mlifltfes of each * 
^ class period In^orBer to review and Introdupe nei^^ubject 
^ ^ matter, and the next thirty to forty minutes were alfotted for 
small group, activities. ^ . * 

(3) VThe last five to ten miiiutes,*of the period Vere used for class 

^ discussion. V ^ 

(4) The_ primary function of ^the instructor was (observe as a con- 
sultant ahd facilitator to stimulate diacufesion within and 
^mong the. small groups/ ^ , • '''^ 

The pattern for conducting tb^ class using* the lecture-demons tratioji . 
method (teacher centered) was as follows: ^ 

(1) The Inst^ctor lectured at; least thltty to thirty-five minuted 
of leach class -period* in order to review and* Introduce netr mate- 
ridis and skills. ^ * ^ 

(2) The last fifteen or twenty '^nutes of*" the period were used for 
class discussion* , 

^ ' y • ' • * 

(3) The* primary function^f the Instructor was to present and explain 
new subject matter andNskill* to the. class, ind to help Indi- 
viduals in class during' di€w^.class dl&cussion. ^ * \ 

The following instruments vere u8(^d: ' .'^^ * 

(1) Pretest and Posttest I (arithmetic achievement at beginning 
and end of coursf respectively), r 

* i . ' • 

(2) Pre'test and Posttest H (elementary ai^ebjra achievement at the 
beginning of 3rd weekr^/md . ^nd of 'cours^e respectively) » 

, (3) Dutton*6 Attitude Toward Mathematics tea £ (attitude at beginning 

and end of course *tesp£rctively) . . ' 
ft 

• f '* . * ' 

Pretest I and PdsJ:test I ar^ two* equivalent foni>8 in arithmetic, and 
Pretest II and Posttes^ it are twa equivalent forms in elementary algebra. 
These forms were fcon^|«ucted by the author an^l their equivalency was 
established using theTearson Product foment. Coefficient with a pilotygroup 

* . . 12 16 ^ 
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of students dviriag rf^l quartet of 1974. A one-way analysis of variance w 
used to test all fiyfWthtoes at the .05 le^el of significance/ ; 

4. Findings '\ ' 

The aajor findings of the study dre summdrfzfed belov. * 

(1) ' There were no significant differences In the Pretest scores 

between treatment groups 'in any of the three areas. / 

• * •',-•/ 

(2) The^Postt^st scores In Arithmetic and Eloaentary Algebra 
were significantly affected by the^ small-group niethod as 
c<Mq)ared to the lecture-demonstration method. 

^ • (3>' Jffo significant difference was found between the two treatment 
% >/groupsion the Attit^ude'Potfttest. 4: / • . 

<4) There was no sigaWiAnt galp between Jretest and Posttest oh 
elemental^ algebpa within the control group. 

• - , . - ^ 

(5) There were significant differehces^etween Pretests .and Post- 
tests on arithmetic and elementary algebra wlthj.n the • 
experimental group, and arithmetic achievement within the 
conti^l grout>. 

\ ^ M. ^ 

(6> Ho 8ignl#iQant difference was found in mathematics attitude 
within the treatment group. 

5# . Interpretations ..v. - _ 

^ The bindings df the study support the premise that the small-group 
method' of ii^truction is an appropriate strategy for teaching remedial 
aatOiematics >^t the college- level, and that students taught by' the Wll^ 
group method demon^iQsr^te significantly greater achievement in arithmetic 
afid elementary algehAwi*ian the students taught by the lecture-demonstration^ 
method employed iq,' this study. 

- ^ " ^ . * / ' 

4 ' Critical Comnentary ^ * 

* * * . • 

' The author states that his study was limited (»< 28) , but that the 
rpsults should give encouragement fo'r future investigations on »^ larger 
•5ali of the effectiveness of this ihstruhtional technique (small gro^ 
for remedial mathematics in colleges. HoweVer, the author fails to ^M/ka' 
Ute the Specific contributims this study makes to the literature 
and beyond the w^H of 01serili|d Phillips, who studiec^ the same pro"bl» 
with respect, to Anedial mathejdatics instruction -at the college level. For ' 
ezasDle:- «. — 

■ .• . ^ ' ■ • • J 

(1)' What hypotheses could be advanced as a result o^ thlB particular 
study that were, not generated from previous research? 

* * - •' 

i (2) ^t specific directions should future .rese?ircb on this topid 
take as a, result of the present study? 



(3) Was the present stady a replilciition of the work of oisen and/or- 
Phil-lips? I » . 

• % • ' •■■/ ;. ' . _ 

Chang's study, although exploratory :^ nature, has some exp'erimental 
.design problems. The author states ^at ie used a -one-way analysis of 
variance to test all hypotheses at tl^j^ .05 level of significance I guess^ 
one could use this particular analy^iis to test for differences between 
treatment groups on the pretests (aiiithmetic, algebra, and attitude) and 
then again on the posttestsj^j Howev^t, a slii?)le one-^ay analysis of ^ vari- 
ance is hot appropriate in testing ior pre*est-posttest differences within 

- treatment -groups on the dependent measures. Pretest scores and posttest 
scores for the saae treatment group ioe not independent. The author's 
design would hive been more effitiejit had he used an analysis of covariance 
with protest scores acting, as a coyiriate f&r postt^t scoses. He could • 
have used this type of analysis tht^e times (aritfifietic,' algebra, an4 

"attitude) or opted for a more soph^ticated design (multivariate). 
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A QUESTION OF lEACHER tX)MPETENCY * Crable, ^ain; Dlnnan, Jaaes A. Southern 
Journal *Qf Educational Research > vlO nl, q|^43-49. Winter 1976. 



. ^rd 'Abstract and Analysis. Preparei^^ for I.M»E. '^y. Donald J. 

Dessatt, .The ijniversity-nof Tennessee , ^^okv^e • ^ 
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1,' ■ Puipose 

Th? authors stated that th^' purpose. pf the stildx was! **to 'discover if , 
teachers we^e prepared with so»c \ieq^sskVy fundamentAls far. the teaching of , 
cieading and mathematics « ^d'j^f they can demonstrate the ability to learn 
f^se fundamentals."'' . * • / • ^ ^ r ' . 

..,». •— ^- " . - -v.. . ^ . • • 

2e Ratldnale * > . ' . / : \ - " 

, ' ' Xtr^l^ claimed in tKia Jstiidy tlfat ^•ijetWp48 Insjtwctocs of future , ^ • 
teaches:]^ are si>ending.Cliil on the .fi^llg.^b* teaching by .deaonsfrati^g ^ijno*'**, 
vatlVe a^p^o^ches and adsum;Lng^ ^he- basip, kbowledge 6% the' sub jj^ct ar^a to ^ 
be. innate."' TWe authors felt that- the ^^a^£c pon^pts", related (^tp reading 
and matt^matics* are vbelng .neglected in*^e^che^ training. ;> - ' * ^ 

3# Research Deslgni and/ Prgcfedur^ W • • ' %. , ^ • \^ * I 

, During the^'ftrst day of instrUQtion « ir^adirig class ,crdmposed <flE 125 
advanced undergraduate^ or grado^tieT students pfHihpm-90^.percent cton^tftted #f 
teachers , or .students preparing. for* teaching, the, EiiXlowiiig iiiattuct'iSti's <Jere 
given ylthout additional conpie^t: ' ' * -'^J. 

. "d)..p^t the alphabet.'.' ^- ^; s'' ;« *. . 

^V\/(la)«. JkweveY yfu |»rinted'it,^dQ Xt ahotbez: way-, "/ ' . 

' / • • . * ' ' 4, 

' ' (2) Write the first ten nW)et8i' ' . ' ■.. • ' •' \ • .* . 

(2a) However you wrote them write *theto another s^ay. 

(3) Identify the ^ffere^ce bet^ibe^ 4. vowel .and a consbna^t^ • 

' ' y • . / . ^ ' - ^ ' \ ^ 

(4) 'Write the ^irst *Vo^^d'you think* of wWen say'* these word^ ; ^ ' 
l])r,\oyer, up^^qn, fatjier, one, -old, blg^,. open, straigl^t. ^ 

^ ^ * \ ^ ~ ' T # • « • ^ 

4» Findings . . . • • 

' It was 'found that: - ^* * , „ 

. (l5 No 6ne printed the alphabet as it^appears ^n "sc;hool"- or "bqok" 

tjrpe' (clarendoh typeface). Letters aitfth as "a", "g!*/ 4ad "q" were 
■i8prlI^t^d in over 80* p^rtdnt of the cases. 
' • ^ ' ^ . ' \ ' ' ^ . 

(2) Ntnety-^ight percent missed thk zero in. Its prime position: .% 
0 1 2 3 4 5 6 7 8. 9. . 



(3> Eighty-seven percent were not able^ to givfe an acceptable aiiswec 
for the^^fference between a vowel and a consonant. ' \ . 

. Ninety-four* percent supplied paradigmatic replies to the ten 

, ' stimulus wdcds. \ , • * * 

5. . Interpretatiiins . * . ^ 

* • « * • • • * ^ 

The following interpretations regarding the mathematical portion of the 
studjr were offered by the atithoTs: . ^ ' ^ ^ 

(1) ••m? study strpng [sioj implies^ that failure iii tteading. mathe- 

^ ' mitics stem [sJLc] from a weakness in basic instruction administered 
bjr u^ure teachers." * , » A 

\ • ' , ^ • ' 

(2) There is ponfusion among teachers an^ students 1^'* to whethv or 
not zero is the first of the first ten nunfcers, 

(3) "It seems mathematics' [sic] author^ forget that the whole conpept " 
^of mathematics is built upon the ptime numbers, 0-9." , \ 

<4) "^1 fractions' and decimals fall between. O^d ^.V \' ^ 

* --iSy 'To go further all Algebra and Geometry is Solving for the zero/" 

(6) "When teachers are &s)tj^ to identify ^he basic foundations of 
written language' and mathematics, it becomes' appsirent that they 
^ . fail to recognize sioq>le coiq>onents. " 

' . • ' ' ' > ■ / , ' * " . 

^ Critical dbmmentary 

The purpose of thiS study aT-stated by t^e authors (see "Purpose" 
above) ip certainly interesting, but it was never seriously addressed in 
the report. Furtheroiore , on the basis of student repUes to thtf single 
Instructioff ,to write the firsd ten" niMers (which is impossible to do 
without further defin;LtiOE) * the authors reached a nuaAer of unwarranted 
conclusions (see "In;,e^iretations" above)^ These conclusions not' only had 
little, if any, relationships to the data of the study but in themselvers 
are nonsensical. ' . . 

.With a fttnimal review of this report, onie can easily conclude that it 
should never have reached the publication stage. It is most regrettable*- 
that a more critical review had not been. exercised- by those responsible for 
its publication. • 
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1HE>USE OF AI»;ANCE ORGAHlZpS FOR FACII4ffATI!lG LEARNING AND TRANSFER FROM 
QUAiDBATlC INEQUALITIES. Eastman ,^ P.' KU ScHool Science, and Mathematics > • 
v77 p5,^pp377-384, May-June 1977. T ' 

Exploded Abstnraqt and Analysis Prepared Especially for I..M.E. by Jfoe Dan 
4u8tln9 Emory, University. ' ♦ 

Ig Parpose ^ v ^ . , * , . 

I ' ^ * ' ' •' - ' \ • " ^ 

."The purpose of this s^udy was to 'determine the effects of advance 
^orgmlzers on the*^ transfer of ^eani^Jlg ^rQm'mate|J.al on quadratic inequali- 
ties* (p.; 377) . ^ ' , ' ' ' — . / 

2. . Rationale/ ^ • . • , . '* ' 

Au£tubel has, a^ued that advance ox^ganl^ers can faqilitalTe the learning 
and retent:16n of unfamiliar bjat'me^cclngful ^rbal material. Tijfi justifica- 
tion for this position is that tRe advance organizer — presented ptior to 
^ the learning task and at m higher* leveJ^^of al?stractlon — can provide concepts 
* that relate the un^^millar' new mate'rlal to material already familiar to tt^e 
Individual f Eastman argues thft this reasoning suggests that advance organ- 
izers may alsot facilitate the , transfer of learning. He argties for this 
transfer, because "the cognltifS structure of the Individual receiving the 
advance organiser Would then be better organized than a person not receiving 
the advance organizer" (p. 377). Eastman found no studies that considered . 
this hypotliesis. ' ^ . 

3. * 'Research Desig;^ and Procedure ' . . ^ 

jpve author used a design appropriate for a twb-way malysls of variance. 
Ifne ftctor concerned the presenbe or absence of the advance organizer. The 
Wo levels were called advance organizer and introductory overview. The 
second factor had two levels and related^ to the method of presenting the ' 
toterlal. The two levels Were called analytical and graphical. Eighty-seven 
tenth-gride geometry students were randomlxii^signed to the fourc^groups. 
Studen^ts in each gro^p worked throu^ linearly programmed booklets on .solv- 
ing quadratic inequalities. The^4>ooklets were 24 to 30 pages long. The tw6 
introductory pverview groups fi'ad a one-page table of contents as the first 
page. The booklets were studied for two class periods. During the third ' 
class period a 24-item multiple-choice transfer test was ailmlnlstered. 

4. Findings ' . 

A two-way analysis o'f variance w^ compiAt^d on the 80 confjpl^ete test 
•cores. ["The data from seven Ss were incomplete and were therefore elimi- 
nated" (p. 379).] Using an 91-l^iMl of 0.05, no significant^ differences were 
found. . ' * ' • • i. 
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5» InteiTpretatlons ' ' ^ • ' 

The author argues that e^en though no significant differendes w^re' ; 
found, this "does not imply that advance organizers were ineffective" (p. 
380). This is justified by noting that* the pooled averages favored th6 

• -advance organizer groups over the introductorjr overview groups. ,This view 

, is reirte rated in the summary as "ne^.ther do the results suggest that advance ^ 
^organizers, in general, are ineffective in producing transfer, rather tUat 

* the results are ^conclusive" (p. 381). Here the auttfbr also concludes by 
stating that the ^hypothesis that advance organizers enhance "^the transfer 
of learning gains no .support from this study" (p. 381). 

Two reasons for the^lack of significant differetteeS**Sf«TR5Sttilated. 
These were (I) the short* length of the advance organizers compared to the 
length o£ the treatiqeats, and (2) the advance organizers may not have been 
constructed appropriately to relate the material to cognitive structures * 
of the Individuals. ♦ . 
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Critical Commentary 

< 

^ The author presents a nice introduction to advance organizers. He 
also provides a ^ood dlsctjssion of the differences between advance organ- 
izers and introductory overviews. The argtxment that advance organizers 
should help facilitate the transfer of learning has a quite logical appeal; 
However » ,the author should have reviewed — even if briefly— the literatulri^ 
on transfer of l^M|ii#ta better support his argument. 



Several basic questions must be fisked^before the results can tie 
evaluatfed. Specifically, the following questionsT arise: 



a? 



Why was the topic of quadratic inequalities used? What relevant 
background did th^ students have that related to this topic? ^ 
How do we know the topic was "unfamiliar^? 



(2) What type of students were involved? What was the male-female ^ 
distribution, the ethnlp make-tq?, and the general ability level? 

(3) What is the rationale ^or the analytical vs. graphical factor? y 
. This factor first appears in the null hypotheses and is not ^ 

discussed In the literature review or the introduction. 

(4) What is^^ reliability of the 24'ritem trans^jj^test? 

(5) In what way were the data incomplete for the seven deleted 
subjects? All seven appear to have beiui from the Introductory 
overview groups. . ' ' 



(6) Did the teacher ,or researcher interact- vith the subjects in aay 
^ • way? * 

(7) , Did the analytical groups have the same ^programmed booklets 

. aside from the first p^ge? The same quedtloj^tpfrlies to the 
. graphical groups.' * 
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The previous. questions make it somewhat difficult to'evaluate the 
results. If these questions can be satisfactorily resolved, theiTit is 
difficult J6 argue with the author's final conclusion that the hypothesis 
that advaflCe organizers enhance the transfer of learning gains no support . 
from this study. While dne study is unlikely to completelyi4esolve a . 
. problem, the : author ' s claim that the results do not imply that advance 
organizers were ineffective is 'at, best -naive. It seems strange to cite 
the pooled averages as evidence for this vhm the two averages, were only 
10.11 and 11.35 with ^ standard deviation of about 4. ' ^ ^ 

A minM: Inconslstenty appears in the discussion secfion. Here the 
author cla*. the. results fail- to confirm the hypotheses* Since the hypo-'-*' 
theses w^re stated in null form, they were ' confirmed, i.e., not 'xejectld. 

' The two reasons postulated for- Apt rejecting the null hypotheses seem 
■|^«iaible. They cannot, of cours^, 6e supported by the analysis. (An 
ODVious third- possiblity that the author seiems reluctant to consider is that 
advance organizers haVe no eftect on the trailffer^of learning.) In fact, . 
th^t second re^ason— the advance, organizer may not have been appropriately 
c^tructed—points out a major problem with research on adAce organizers; 
n^lj^, how does one define an adi^^nce organizer and- construct one for a 
particular topic? In this study the advance organizers are reproduced in 
the aiJpendijc. Unfortunately, so little- information is given on the subjects 
or their backgrounds that it is hard to judge whether these advance organi- 
sers do relate the new material .to the gemerral background of the subjects." • 

In summary, the author has raised an interesting question on tKe'l^tion 
of advance organizers to the 'transfer of learning. Ifirfortunatelv, so many 
questions are left unanswered that one is unsure how much this study can- - 
tributes to a meaningf*. answer, tsj^this question. 
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THE eH^GTS of two METHODS Ctf PRESENTfNG A PEDAGOGIC MODEL TO PRESERVICE ' 
TEACHERS. , Ensey, Lowell; pdoney, Thomas J. Joutnal for Research in Mathe- 
matics Education , -v8 n2ygp|07^1l4, March 1977^ * 

Expanded Abstract and- Analysis Prepared Especially for I.M.Ev. by. David F. 
Robitaille, University-tjf British Columbia. 

. * - • ' ^ ' . ' 

1.* Purpose ' ^ ' , 

The study soujdi^^swers to two questions:' 



(1) Would educa^on students with no student- teachings experience 
benefit mdre ^rom a study of Henderson's m6ves for teaching 
•concepts thanf would a cpmpari son' group with student -teaching 
experience?. 



(2) Would ythe modrf of pres^tation of suChr moves to the stud^t 

teachers (videotape or written tr^cript) have a dif fei:tential 
effect upon fhe performance of the two groups? 

A- ^' ■ ' ■ . 
2. ' Rationale . * 

* * 

Ufie of Henderson's model for teaching mathematical concepts is based 
upon't:he assumption that "teachers should possess knowledge of the. teaching 
act in general and knowledge of peaching moves in particular." The present 
study was designed to address the questions of when and how such knowledge 
should l>e presented to stu4ent teachers. ' ' 



3. Research Design and Procedure C 



T 



TVo groups of undergraduate student teachers participated in the study. 
The first group, Gi, had had no pifevious student-teaching experience, whereas 
those in grpup G2 had completed' their student teaching. The students were 
assigned to two treatment groups: students in T^ viewed videotaped lessons 
illustrating instaAces of concept moves , while students in group T2 read 
typed transcripts of such lessons. Before arid* af ter^ the treatments were 
administered, each student taught a IS-^to 20Mninute microl^sson to three 
seventh grade srtudents. These micro lessons were- audio taped.' 

The audiotapes were analyzed for three types of information: The number 
of moves utilized which dealt specif ically* with the mathematical concept 
being taught, the total number of moves employed, and the nunJjer of differ- 
«t moves employed. Outside observers ^Iso analyzed 22 of the tapes, and 
an index of observer agreement was determined: 0.81 for the total number of 
"jov^s employed, and 0.86 for the content-specific moves. Following the 
treatment period, all students were administered a 10-item test*of their 
ability to classify moves. 

Thirty-six students* were included in the data analysis (Gi-20, G2-J.6). 
"A 2x2x2 'design with repeated measures jon the 4:hird factor was used to detect 
differences in the interacticas among the factors^! of groups, treatments, ~ 
sad microlessons. 
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4. Findings • " • 

The mean score on the 10-l,tem post test which was administered to all 
students was 9.2. ^e'pafate Si^ores for each gr^up are not repprted. 

Analysis of variance results showed no significant Interactions between 
groups and treatments f or j^otal Tiiinber of moves employed, for content- 
specific mdVes, or for the* number of different moves ei!5)loyed.'^ In each • ' 
case, a significant difference was. found between the results obtained on the 
pre- and post-treatment mlcroteachlng sessions. Howe^vei^^ "the deslpi of the 
study does not allow one to determine conclusively that [this difference!/ 
can be accovnted for solely by treatment effects." * / * 

5# Interpretations . ^ , ' . ^ 

. The authors , in Attempting to Interpret the lack of significant 
differences, suggest either that the treatments were not sufficiently 
different or that the hypothesized interactions do not exist. They point 
out that the questions of when and how to Introduce students to concept 
moves remain unanswered. They suggest that further research is needed to ' 
detennine the effect of treatment differences in Increasing the number and 
types of concept moves employed. ^ 

Critical Commentary * 
« * * ^ 

On ^he whole, the st\{dy was well conceived and well designed. The 
statistical techniques empWed seem to be appropriate and the authors have 
been careful to interpret thkr results conservatively. The study was based 
upon the first au£hor's master's thesis, and most of the paper's weaknesses 
would seem to be due to factors frequently ^as^oclated with re'search of that 
kind. These would Include, for exaaq)le, small sample size and* brevipy of 
treatment perioa. ^ ' *^ ^ , 

The treatments "consisted of five 1-houi)^ sessions, one sesslouvper 
day.'* The first three days were idjentical for both T^ and T2. On tha last 
two days, students In Ti spent 15 minutes per day viewing a videotape «^ile 
those in T2 read transcripts of the same material. In otl^er words, the 
^o treatment groups were performing essentially the same activity 90? of 
die time. Even if thfe treatments had been more dissimilar, one week seems 
a.ve^ brief treatment period in which to hope to obtain significant behav- 
ioral dianges of the fittnit the authors were interested in. 

A larger sample size would have ftcreased the power of the statistical 
tests employed. This might Weil have been impossible If all of the avail- 
able student teachers were used in the study; however ^ we ^re not given this 
lnform^*i<^fi. Similarly, we^are not told Wt^t method was used to assign 
stud^t^ to treatment 'groups. 

» >. . ' 

The formula which was used to obtain a measure of inter-rater agreement 
seems to give artificially high results. The formula 

• 2 X (number . of m^ves agreed on) 

(observer total) + (investigator total) 



21 



1/ 



gives an agreement dndex^f 0.67 In* the case whejce the- observer* s^es 20 lapves , 
the ;(.nvestigator seiss 10,- and they a^ree on 10. A ^mo^e consBrvatit^e agree-^ 
.ment Index, 0.30, Is obtained IfVe use the^ formula attclkuted *to McGrev 
(1972, t>. 24): - . . ^ \ 

No. of agreements (A&B) ^ 

* No# of agreements (A&B) 4- No. seen by B only -*No. seen by A only 

Uding their formula, the authors , may have obtained artificially High r^lia-* 
fcility estimates which may, in tum,|||^ve affected the ANOVA. results. 

. study should be replicated, takla^^ int(i|^p^unt the, tiDnsjLder#ti<^s- 

jjralsed here, as'^well as those raided by the authox^^ themselves 4.n the paper. 
The research question, initially vposed ^y the aiatliors are suffici^ly l*por- 
taot to warrant furth^ study. Of course, the most important questions to 
b6 raised in this area concern the impact of such training upon teachers, 
after they have graduated and are teaching their own classes 

* ' ^Reference- 

McGrew, W. C. An Ethnbloglcal l^tuf^ of Children's Behavior . New York:' 
-Academic Press,. 1972. * , "~" ' . 
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!|1THEMATICS BRESEHWIION AS A FUNCTION OF OOGNITIVE/BERSONALITY VARIABLES. 
Gordod, Marshall. Journal for Research In Mathematics Education. v8 n3', ^ 
^p205t210, May 1977. 

"Htfr * • . ♦ ' 

^ Ea ^anded Abstract and Analysis ^Pifepar^d Especiall y for t.M*E. >y. Janes- Fey . - ' ' * 
and Joanne Rossi Becker, University of Maryland. ^ ^ W 

" 1. Purpose I •» . ^ ^ , • ; 

, The purpose of^th'is study was to .de^rmlne ^hether a prospective* _ 
teachet's^ conceptual level or fl^ld depeVentce Is mlated to his or her - t 
choice of ruItf/exaBq>le sequences f6t teaching mathemat;lc8 .concept^. -The 
i^clfic research hypotheses were: ^ « * " 

(j^)v High' cdncepttial-lev^l teadiers tend to provide more inithe^^ ' 
* matlcs * examples prior to discussion of a rule than low • ' 

.confceptu4l-level teachers, who tend to discuss tdli^' early ' j 
In the lesson. ' ; . 

• ^ • • • 

(2) Relatively field-dependent teachers would prefer t^ have the ^ 
'ptudents present the laathematlq^ rule ^'whereas relatively 
field-Independent teachers would prefer to present the 
Biathematlcs rule themselves. ^ 

2.» Rationale • . , . ."m'' 

Starting from a 1966 finding that effective, teachers seem to be tfiose* • 
^^o can produce mc\fe alternative ways of teaching m^hematlcs concepts, . ' 

Gordon argues that Hunt's measure of conceptual level should Identify such 
'productive thinkers. . He claims further, that^lfigh conceptual level should 
predict teacher preference for example-to-rule style of teaching rathdr 
thim a mot^ structured, less flexible, rule-followed-by-examples sequence^ 

ly a quite different .line of reasoning, Gordon atgues that research 
on field . dependence suggests that field-dependent teachers are more likely 
, U> choose a socially Interactive style of teaching ill which students are- ^ \ 

^» ^ .mdre likely than: teacher^ to formulate and atate rul^s/tn concept learning * X 

situations. ' ^ ''^ 

3*^ Besearcb Degjgn. an^ Procki|t«e 

• Subjects for* the sitndy wei^e ZD elementary educatlqh majors In a . 
\ r~T»fe8ervlce methollccourse. Each subject's^ conceptual level was assessed 
bj^ Hunt's. PatagrapIrSompletion Test and field dependence was iassessf^ tfy 
Wltfln's Group Embedded Figures Testi; Then subj|^8. were asked to Write 
flv€| sentences that. would express how they would^4ch each of *tyo Jmatihe'- 
matlcal rules (one In- arithmetic, one In geogetry^and tp Indlcajte at -what 
point In their presentatfon they^would *ant . the , ru^e to appear. From these 
s ^ dtitscrlptlons of tt^elr conjectux^d teaching pteferaicea» each subject was ^ 

* categorized as preferring rule-ttQ-examples or examples-to-rule teadfilng 
^ ^quettces. A chl-square analysis tested the null h/i^ytiiesls that? conceptual 
level and n^Le/es^ovkle sequence preference We unrelated. From the^ame 
. ^ • ' * . ' ' . • * ♦ ^ -v. ^ 
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-descriptions of teaching' plans, each subject was categorized as preferring 
student or teacher presentation of concept rules. A chl^-squ^re analysis 
tested the null hypothesis that field dependence and rule presenter prefer- 
enp^ are unrelated. For each hypothesis, separate analyses were performed 
oHithe arithmetic concept data. 

• ♦ 

4. Findings ^ , . 

y 

From both the arlthmet;Lc and geometry AruK-teachlng plans, data 
suggested rejecting the null* hypothesis of no dependence between concept*-. 
iial'JLevel and rule/example sequence preference (p < .01). It app.ears that 
field-dependent teachers^ prefer having students formulate rules, while 
field-ln(fependent teachers prefer stating the rule^ themselves. 

5. Inliwyretation s 

T- 

Gordon intetprets the results as suggesting that the co^itive- 
personality variables^of conceptual level and* field dependence are related 
to presentation style preference in mathematics teaching and that these vari- 
ables should be considered, 'in some unspecified way, in planning'^lnstruction. 
He suggests that the next line- o^ researcl^. should investigate ways of rais- 
ing conceptual level and' developing, field dependence. . 



' Critical Commentary 

The Gordon study is yet another attack on the challenging, but ^ 
consistently unyielding, .problem of Identifying personal traits related to 
teaching effectiveness. ^ However,^ basic theoretical and technical flaws in 
the ^tudy make it difficult to see how the hypotheses or tbe findings con- 
tribute to progress in imder standing reaching. ^ 

Conceptual level* and f i«rld dependdice are intriguing personality/ 
cognljilve constructs for which measurement instniments are available; but 
the rationale for studying these teacher traits, ift ordei; tb understand* 
teaching effectiveness is .unconvincing. . Investigation o^ the relation 
between teache'r conceptual level and classroom effectiveness is justified 
by an extremely tenuous connection to earlier research dn productive 
thinking abili'ty. The completely separate investigation of /ield dependence 
and. teaching effectiveness is su{>ported by an even weaker argument involving 
-teacher prefeilibce for dlassrooi^ social interaction. 

' - . ^ * 

* Ev€^ more curious is the decision by Gordon not to investigate teachet 
classroom effect ivexiess, but rather teacher preference for various strategleai 
of using rules and examples in concept instruction. There?^is an Imirlicit 
assumption that egrul seqtSencing is uniformly more effective than ruleg, and 
a Similar assumption that studefl:t presentation of rules is more effective 
than .teacher presentaticp. None tt>e'very extensive Research on rule/ 
'exa]q>le sequencing is cited;* it would 'tiot support the assumptions. ' 

l)ie bse bf sketchy written teaching plans»mad^ by preservice teachers, 
rather than observation of their classroom performance, is perhaps the final 



■ajor weakness that leads one to ignore the findings and interpretation 
offered later in the report. At best the data extracted from analysis of 
those few senteuips suggest that high-conceptual nr^service teachers express 
a natural preference for egrul sequencing in th^ir teaching plans and the 
flel^dependent teachers ipxpress a preferens;fr^r student generation of 
concept rules (in arithmatic). But, ev^n l)(^re thej various scoring procedure's 
are qqes^tionable. What are the validity and relttoility of the Conceptual- 
iBvel and Etnbedded Figures instruments? What is (j^e rationale for partition 
Ing scares into hi^, medium, or low on the £n4>ed^ed Figures pleasure? Was' 

^f^dting of expressed teaching preferences reliabl|B? Both egrul and rule 
presenter measures seem to ix&olve high rater inference. 

* • ' ' * 

It mlglit be, as .the author , conjectures, that^hi^ conceptual level and 
field dependence are traits that predlq^^^ef fectiv?eness in mattematics ' ^ 

» teaching and can be cultivated by appropriate tr^ining*^ But the present 
stu^ gives no reason to believe ^ either. 



THE RELATION BETWEEN- MATHEMATICS ACHIEVEMENT AND SPATIAL ABILITIES AMONG " 
EI^MENTARY SCHOOL CHILDREN. Guay, Roland B.; McDaftiel,^ Ernest, D. * 
Journal for Research In Mathematics Education . v8 n2, pp211-2l5. May 1977* 

Expanded Abstract and^ Analysis Prepared Especially for t.M.E. J>y Michael 
C. Mltchelmore, University of the «West Indies, Jamaica,- \ ^ , 



1. Purpose ' • ' " 

To Investigate the 2:;elationship between elementary school mathematics 
achievement (simple mathematics^ concepts and calculation skills) and high- 
and lov^levei spatial abilities. / ^ 

2. Rationale * h 



, Ileoent research reviews indicate tha^, starting in ea^j^^^^dolescence 
and continuing into adulthood, males outperform females d?ipMfii^ of math- 
ematical achievement' and sf)atiaL ability. A pos^ble relatiol^ is suggest- 
ed by Smith (196A), who concluded that spatial ability is positively re- 
lated to hlgh-le^el matl^matlcal conceptualization. ^ , * ' 

> * 

The relation between mathematics achievement tod spatJLal ability has 
not been studied at the elementiary-schooi level. Smith 3(1964) concluded 
that spatial ability was not related tro low<^lev^mathematl<c^ concep- 
tualization :Stressinf simple calculation skilllPr ir was therefore expect- 
€rd that no substantial relation irould be found between mathematics achieve- 
iBient and spatial ability among elementary-school children. 

To c^rify the issue, two levels of spatial ability were defined: 
low-level spatial abilities, requiring only the visualisation of two- 
dimensional coi} f igurations; and high-levJl spatial, abilities, requiring 
;:he visualization ^iX^ cental manipulatioiKof three-dimensional config- 
urations. , , ' N 
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3. Research DeaigQ att4 P 

Low-level spatial abllitiestillere measured by two group tests. In 
•Serial Integration (SI), children selected from four figures the one* . 
which was formed by^our lines previously projected one* kt a time. In 
Embedded Figures (ETF), childrefa selected Irom four figures Jh^one con- 
taining, a simple two;-dimendibniil pattern' previously projected for 5 sec- 
onds. KR-20 reliabilities were_0-75 'for SI and 0.74 for EF. J ^ 

High-level spatial abilities were measured by two individual ^tests. 
In Qootdin^jl^on of Viewpointd (CV), children viewed a simple geometric^ 
object and' then selected ''from three drawings the view of the* object from 
« specified position. In Surface t)evelopment (SD),- children viewed a > 
geometric object as in CV andselected from tlirge drawings the develop- 
ment of its surface. KR-20 reliabilities were 0.56 for CV and 0.66 for 
$D. . y 

. ^ • • 30 / ' t 
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SI, CV;and SD were administered to 14-16 children from each of grades \^ 
2*-7, a total of 90 children. EF was administered only to the children 
in grades 5-^7 at oxwr school. Children were divided at the median of each:- | 
grade ^)|^yel into high or* low mathematics achievers on the basis of their 
total mathematics 'score on the Iowa i;est8 of Basic Skills. ^ 
^ '/ ^ 

Scores d^^I> ,Cy, SD, and EF were analysed iff separate analyses of • 
variance with the factors of Mathematics 'Achievement, Sex, ani Grade. 

I 

4. . Findings . . ' * 

1(0 significant' Interactions were found. Mean scores of high mathe- 
matics, achievers were significantly higher than those of low mathematics 
achievers on all four tests (p<O.05 or better); Mean scores of males 
.were significantly higher than those of females on CV and SD, but not 
significantly different on SI and EF. There were sl^ni^icantrmai^i effects 
for grade on all four tests. 

In grades 2-:4, 1 out of 9 correlations between mathematics achieve- 
aent and spatial ^test scores was ^igalf leant. In grades 5-7, 10 out of 
12 correlations 'were significant (p<OJ05^ or better). 

, •' • ■■ .■ ' V 

5. Interpretations tr . ^ - ' , • 



^ 

The findings suggest that, among 'elementary school children: 

(1) high matthematics achievers, haye greater spatial ability than 
low mathematics achievers; » ^ ^ 

(2) the relation between mathematics achievement and spatial 
. abilities is^ not^a function of grade, level or sex; 

^^^^^ * 

(3) the relation between mathemat^al^en4,^atlal' thinking 

exists foe low- and high-level spatialabiliti^ 




(4) males have greater high-level spatial ability than females, 
but males and females have similar ISw-level spatial abilities. 

(5) the sex differentes In (4) are not a > function of grade level. 



Critical Commentary * . 

This study is a useful contribution, but it ignores the basic ques- 
tion of the rationale foi>4r elation between mathematics achie^vemSnt and 
spatial ability at any level. Smith (1964) rather overstates his c;^se; 
tlie view of Krutetskii (1976) thai some high-achievers In mathematics 
use visualization very efficiently (but otfiers do equally well with non- 
vlsuitfLmethods) seems Tnore acceptable. The correlations between mathe- 
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fliatlcs and spaHal te^ scores observed In thla^ study •could be due to 
a.^onmon relation to abstract reasoning (ot ttyen verbal^ability) ; no 
evidence 'f6r the construct vlalidity of SI, EF, CV, ,or SD Is presented. 

, • ' * ' . ' - , ' ' • / 

^There are $ome fufther questions* about the, details of prgcedure and 
lnfcerpretatlon)^_l-^ ' \ ^ 

(1) How was, the sample selected? Werb* grades 2-4 children selected 
^ from fche same school ^s- grades 5^7? Why was* EF not administered 
to grades' ,2r4? Why w.et& there not equal numbers at the various 
grade levels? Why were there not equal numbers of males, an|d 
. females? « • ^ 

(2J What was the' relation' between sex ^d' mathematics achleT^eteent? .. 
What were the cell sizes In the factorial design? If the design 
^ was unb^lance4» the Interpretation of the ANOVA results Wotild 

be considerably ^complicated. If not ^nv^lldated^^ 

(3) Why was Information on mathematlcs^'liq^levement' wasted by dichot- 
omizing ^bres? Would not -multiple regresslcm have been a more 
, . powerful 4ftfethod of analysis? (It wo\^ld also have allowed one^ 
to take account oifcany relation between sex and mathematics 
a^levement . ) t * / - 

;/(4) Why Is there an Apparent discontinuity In spatial test scores 
and mathematical-spatial test correlations betweto grades 2-4 

\ V and*grades 3-7? ijei^e the data obtained In different schools? 

Of weri XJiM^ spatial' tests very ^unreliable in ^ades 2-4? (The 
CV^d.SD scores are* close to chance lev^l^'ln gtades 2 and 3.) 

(5) ({ould the difference betwe^ the* results for lAgh- and l^w- 
^Tevel spat;lar abilities be related to.^lf f erences^ln method 
of test adminlstratfion? 

. The report id .rather brief, -even by JRME standards. A few^extra 
sentences here and there, could have answered the above doubt^ wltlibut 
takln'g the p^er outside reasonable limits on len^h. ^ 

. / References * ^ 

Krutfetskll, t.k. The Psychology of Mathematical Abilities In School- 
children , Chicago: University of Chicago Press, 1976. 

Smith, I :m. Spatial Ability . San Dijego: Knapp, 1964- 
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A?EA AND V0I4JME CONSERVAnON AtifXiG THE ELDERLY: ASSe§g|!ENT AND TRAINING* ' 
Hon^lum^ Judith Newman; Overton, Willis F. Developmental JPsychoIogy , 
vl2 nl,. ppeS-TA, January 1976. • 

Exploded Abstract and Analyfi^ Prepared Especl^aljj^ for I.M.E. by^ James . 
Hlrstein, University of Illinois. * . * 

1 * * /: • • • 

1. • Rirpose . » . -^f ' 

||^ieQ hav^ consistently shown that the elderly pe.rform poorly oh 
KUl^etran tasks of logical thought. The qiiestion ynder inveistigation ±i 
whether. this ,dfecline is due to a loss of cognitive competence or to a 
loas x>t specif performa>:ice abilities. 

2. Ratlotiale * * . . " . ^ 

The common explanation for poof pepformance by the elder^y^ that 
cognitive structures are lost represents p^blems for ,Piaget*8 theory of ^ 
Integrated stages, An^ a Iter native explanatioa is that structural competency 
remains present but is unactivated. While most studies conservation, in ^ 
the elderly are assessment studies, one must go beyond *veri£ylng conserva- 
tion deficiencies- to*explain a' decline in *performance.^ The degree of 
difficulty in training elderly nonconservers would indiciyj^ the status- of 
theii; cognitive structure: easy (xainiog would impii^uthat an existing 
structure is activated while difficult training would i]iq>ly an absence, 
of thi^ .^tructtire. * - - 

3. . Research Design tnd Procedure 

Subjects for the study were noninstitutionalized females from 
Ihiladelirfiia senior citizens centei^s; their participation ig the study 
was voluntary. * Initial screening was done* for educational level (at ^ 
least sixth grade) ^nd intelligence^ (correlated Quick Test store of 85). 
Each subject wa% interviewed in her own home. The first part of the ^ 
study was an assessment of 60 sqbjed^ on six tasks involving area and 
voltme conservation. In the second part of the study* assessment results 
were used to select subject/s ^ a training program. The first assessment 
was used as a pretest which wirf followed by an individual training 
procedure and a posttest* 

Til0 first assessment included 'three tasks on area conserviTtion and 
three tasks on vplimie conservation. The order of task presentation was 
raDdomized among subjects. * Each task consisted of four conservation 
trials. For each trials the subject verified the ^equivalence of two 
stiimilus figures. Then the shape of one figure was changed and the subject^ 
was asked whether the quant ity in question was the same or different for 
the two figures after the tr^t|2Pi^lo<^* Within each task, the quaptity 
remained the same in three trials an^ was different in one trial. Based 
on responses and justifications, each subject was judged to be « non4i^ 
conservec (N), parti»l cpn^erver (P), of conserver (C) on each task. 
A Judgment actoss all six tM^^* was made for each subject according to 
the following criteria: , , . ^ 

« - - . " 33 • - ^ 



(a) yoverall conserversi^erei, those judged C on it Ueast • * */ 
5, taaks with P on C^sixth, . T ' ' 

Q>) overall- nonconserver 8 were those Judged N on at least * 
. * ^ tasks with ? on a slx^/ , * 4 

(p)* all others were called overall fBrtial conservers. 

Iteenty-two subjects Judged N on bae of the area conservation tasks ' 
(Surfaces) were used in the training st*idy.* The subject* were assigned 
tp two treatment groups. The treatment consis.ted of a 20* trial program 
involving tasks similar to the original Surfaces task missed by all 22 
subjects. One treatment group received feedback regarding 'the respon- 
ses given dwring the training ^ogf am. The other group received the same 
program without feedback. Immedidtely following th^ training program, 
the original six conservation, tasks were readministered as 4 posttest. 
The Surfaces posttest' was considered ^tfear transfef-with respect' to the 
treatm^t; ^he other. five tasks were considered'far transfer item*. 

4. Findings ^ . . . • 



-Jn the first assessment, subjects were determined to in the three 
conservation categories as Shown in the following table: 



liumber of Sublects 


Range For The Six 
tndivldual Tasks 


% 

^ ' Surfaces . 
Task ' 


4 • 

■ Overall 


Nonconservers 


14-31 


31 - 


8 


JPartflal Conservers 


1 - 12 . 


' ■ i 




Conservers -"^ 


' 2« - 45 

m • 




20 • 



Each subject was assigned a score fropd 0 to 5 on each task for analysis 
of the training results. Mann-Whitnejt U tests' wei!^ used to compare tj|ie 
pbsttest results of the two ti^a*tmetit^roups. In« general, the fe^back 
group scored significantly better than the hdhfpedback group: p < .001- 
for the near transfer task, p < .05 or better on four of five far transfer 
tasks, and p < .01 on the overall posttest ^core. Ease of training '\)ks 
measured by counting the errors made in training t^rials. The eleven 
feedback subjects made a total of eight errors after the first incorrect 
response, while the eleven nonfeedback subjects inade a total of 6(f . 
errors after the first Incprrect response. 

4 

5. Interpretations ' ' j ' - - 

The assessment results indicate that the elderly perform poorly on . 
tasks^ of area and volume conservation, vhi<;h agrees with other findings 
regarding the logical thought ^f the agings. However, baked on etfse of 
training^ the authors conslude that" theVlderly, in general, maintain 
the relevant strategies in competence and that simple verbal feedback 
activates tUose strategiSs into performance"-, (p., 73). The . 



questfoq of vhether repeated activation of these 8trat;egle8 Cfan increase 
* the performance level for long periods of tiae is suggested for further 
study. \ • , • ' 

^ Crltlcel- Coiltentary> 

^ The question \inder consideration is highly significant in stud^rlog 

the, mental development o^ eldefs. The problem is well stated and the 
perfom^QCeni^ompetence approach is commendable. The criticisms of the 
. stii^y derive from procedural concertvs« 

• ^ 
Criteria for naming categories of overall perfopuince are^ necessarily 
^ arbitrary, and the rigid standard for tHe label "overall., conserver" mlay • 
give misleading percentages. Of 360 tasks performed in the origit&l 
ftssesffinent, 222 (61.7%) of the rfSponses Were Judged to be conserving 
* .'^ responses. Yet only 33f37. of the subjects were claesified as "overall 

conaervers." Apparently with Slders, as with youngster^, conservation in . 
one dcnain doesr not imply conservation in other domains. This suggests 
^ that, this six tasks ^9 not measure the same ability. A statement of the 

relationships among Individual t,ask results would be much more meaningful 
than an oveirall decision regarding general consetvatioo abjLlity. Further- 
eK>re, with 61.7% coaservlng responses it is difficult to cbnt'Aid that 
these subjects are poor conservers. In the absence of performance d^ta 
on these tasks by younger adults, it is not clear that the tesUlts obtained 

represent a significant decline in conservation ability among the elderly. * 

• . . ^ 

It is generally reco^ized . that the justification of a response is 
crirtical in distinguishing between conserving' and noneonsezving responses. 
Although the experimenters Solicited justifications, tl;^ey do not report^" 
how a ju8t;lflcation Is reflected in any recorded sc6re. He^pe, it. is not 
P98Slble"to determine whether the Improvement attributed to the training 
procedure results, from subjects giving more adequate .J^ustifications or ' 
simply from subjects changing th^ir responses. The qualitative assessc^nt, 
' ' ilhlch should be the important concern here, suffers frok& the attempt to 

quantify conservation on^a linear scaler. 
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PROCESSES INVOLVED IN, MATHEMATICAL PROBLEM SOWING. KantowjBkl, Mary 
Grace. Journal for Research in Mathematics Education, v8 n3, ppl63-180. 
May 1^77. 

# ^ - / • . » . « 

Expanded Abstract and Analysis Prepared Especially for'I.M.E, by W. 
George Catboart, University of Alberta. 

:* i . ' ■ . 

!• Purposes \ 

\ • * I 

(a) Clinically to uncover information about, and gain a gr^atjer In-^ 
sight into, prooesses involved In solving complex,' non-routine 
geometry problems. ' - 

(b) To providing dlrectltn for future researdh. • , 

2. Rationale ^, • ' 

The solving of true mathematical problems (not just sliq)le algorithmic 
applications) has long been a go^l of mathematics education. Two aspects 
of problem solving, process (b%havlt>rs .that 'direct the search' for the . h 
solution) and product (actual solution) are both essential components 
of the problem-splving experience ir * 

Most problem-solving research has been experimental in design ^nd 
has focused on'the^^Mfc4uct. Sdueators have tec4)^t\ized a need f6r a 
clinical analysis ot^Poblem-solving processes and hov tliese processes 
develop. Kantowski's study is an atteiiq)t 'to meet this nee<h 



3. ReseaHll Design and Procedure ' 

~ 7~. 

Eight subjects from a private school in an ^Atlanta surburb were 
selected from among the high-ability ninth-grade algebra students. The 
study was conducted over pi 8-month period^ ' « - , 

The stw^-vas completed in, four phases: « 

PHASE 1 ; Pretest— subjects werfe asked <o think* aloud as they 
solved eight problems. Verbal protocols were recorded and coded 
for sequence of processes used and scored according to processes " 
and cotiregtn^ss of result. ■ - , 

PHASE 2^ Instructional readiness^ (3 lessons piy; week for A weeks) . 

This phase was designed to acquaint subjects %d.th the heuristic , 
^' method of insti::uction and introduce th^ to th^''^^^ of heuristics 
^ In ptoblem-solving. A second test .was administered at the end of 

the- 4 weeks. ' 

PHASE 3 :* Heuristic instruction in geome.try (U mqnths).' A^erie^ 
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of individual tests were administered periodically during this 
• phase. ' ^ ' < 

/ . ^' ^ 4 ' i . 

PHASE 4 ? Post^test — consisjted of ^qo^try and yerbal problems and 
'^pre tequl site kiiowledge'* tests vhich incJLiided facts 'and concepts 
necessary for the solution of the post test probl^ns. ^ 

During each phase verbal protocols were recorded and l^ter analyzed ac- 
cording to a modification of a doding scheme developed in earlier re- 
search, l^oints on the followi^ng variables were added tq yield a pro- 
cess-product dcore: suggesting a soJ^ution plto, persistence, looking 
back, absence o{^ strij^tural errors, ^sence of executive errors, absence 
of superf luous* deductions, and correctness of resul^. ^ - 

. : ' . » ' - ' ^ • 

Percentages of problems in which the above processes ye re used were 
calculated for problems with scores above and below the median for, each 
subject. ^ ' * ^ ^ 



.1 ^ 



4. Findihgs ^ 

The use of goal-oriented heuristics was consistently more evident 
in soluticttis with process-product scores above the median than belo^ 
the median. The use of goal-orlentisd heuristics generally increased 
as problem- solving ability developed. 



t Regular patterns of analysis and sypthesis were noted in the solu- 
tions of problems with scores above the median. Usually these regular 
patterns were immediately preceded by a goal-oriented heuristic. Suc- 
cessful problem-solvers exhibited significantly more regular patterns 
of analysis, and synthesis than less successful ptbblem-solvers. ^ 

Failure to ^Introduce a heuristic often led to many superfluous 
analyses.'^ On the other hand, the suggestion of a heuristic not related 
to the goal often resulted in stiperflueus synthe^s. The introduction 
of a goal-oriented heuristic tended to decrease the number of superfluous 
syntheses. The better problem-solvers showedrless evidence of super- 
fluous syntheses than poorer problem^solvers. 

Persist^ce improved as problem-solving* ability developed.* Persist-* 
ence seemed ^o be affected by« prerequisite Ibiowledge and personality ' ^ 
fact6'rs./\Ref lective subjects were ,more persistent than inqiulsive sub- 
jects. • * . ' 

> 

The use of "looking back" strategies jfid not increase as problem- _ 
solving ability developed, nor w^ it related to success in problem- 
solving. ^ * * ! ^ 

yi Interpretations ^ • * 

One purpose of this study was to find regularities which could form . 
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the b&sls of hypotBeses for future research* More clinical studies are 
suggested with stibjeurts representlngr a wider range of ability, age, ' and 
problem-solving sophistication, and using different mathematical content 
Experimental srudles are xecojmnended In yhlch t^e role of heuristics In . 
problemr-solvlng'.ls systematically Investigated* 

More ''research Is needed to devise a met!hoa of scoring problem-solV- 
Ing processes which would be valid, reliable, rand could be *useTl e'f^ft- 
cleritly and objectively with the large number of subjects requj.^ed for % 
experimental studies. . . - * 

* While the use of heuristics was related to success In problem-solv- 
ing, it is not known\what effect the heuristic instruction during two 
phases of this study Ibas on this relationship* The .effects of heuristic 
instructloh versus e^osltory instruction should be studied d.th the 
use of heuristics as the dependent variable* 

' > r I /-V 

An investigation of the relationships between process variables and 
other ^ dependent variables should be carried out* . ^ 



Experimental studies are needed to support the observation that 
regular patterns of analysis and synthesis followed the introduction of 
a goal-oriented helurlstlc* The* relationship between the u^e of heuris- 
tics and level of J prerequisite knowledge needs further study* Similarly 
the relationship between the number of superf luoixs syntheses and the use 
of heuristics neelBs to be exaoiined more closely* "Does the successful 
solution of novel problems result from the use of heuristics?" is an- ^ 
. other questl<%^OTthy pf examinati^pn. The effect of making students 
aware of problenii'-solving process^ such as the u^e of regular patterns 
^of analysis and /synthesis should be examined* An aptltude-treatment- 
^interSction study is recommended Involving conceptual tempo and problem- 
solving styles*/ More research Is needed to ficplore thfe relationship 
between the use/ of l^poking-back strategies and success in problem- 
solving* / - / 



Critical Coimnentary 

•» ■ ■ 

The prdcesses involved in solving problems are of concern to most^ 
4 teachers and other mathematics educators. Kahtowski is /to be commendi^d 
f dr. studying %d.th care thls^ Important topic* 

Clinical studies of the type reported here usually suffer from ob- 
vioui limitations due to size, characteristics, |nd selection of the „ 
sample. However, the author ^is fully cognizant of these and otfe^ 
limitations in her study and is careful not to overgenerallze/X^ 

• 

We are not told anything about thp nature of the instruction other 
than that it was heuristic and that it lasted 4 months. It is unfortu- 
nate «iHlt there were no controls on the instructional phase* The 
author leaves one with the impression that it was the heuristic nature 
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of the tn3s£ructlon which resulted In Improvement in problem-solving 
success. It- 'could just as ea^ly haye been due to the change in routine 
Kantowski's personality, or something else in the instructional* program. 
This is the ^ly sense in which any overgeneralization occurs. The 
, author is aware of the limitations of her instructional ,phase because 
she explicitly recommends further research on, the effect of. heuristic 
teaching, but at other times, implicitly, she seems to place more 
c<mfidence in it than perl^ps is warranted. 

One of the major purposes of the stddy.was to generate hypotheses 
for future experimental studies. Many very good suggestions, for further 
research are given which, hopefully, wlll^be fijllowed-up. However, only 
a minority of theSe suggestions are actual hypotheses. ^ , 

In summary thl« was a carefully, conducted clinical study of% very 
Important^ topic. The suggestions made could form the basls^Or many 
worthwhile future studies which could extend our knowledge of problem- 
solving proteoses significantly. 



THE PERSONALIZED SYSTEM OF INSTRUCTION IN INmODUCTORY CALCULUS. 
Klopfenstein, Kenneth F. American MafekSnStlc^l Month lv > v84, 

ppl20-124, February 1977. - , 

Expanded Abstract ^nd Analysis Prepared Espepially fo^ I.M.E. by Bert K. 
Walts ,^ The Ohio State University. ^ 

1. Purpose 

Ihe Ptoblem: To Investigate the effectiveness of the Pfersoualized 
gystem of Instruction ^(PSI) in beginning college calculus. 

Questions: Can PSI be used effectively to teach beginning calculus? 
If so,t how should it be implemented to maximlzfr effectiveness? 

2. Rationale ' _ * ^ 

. The contextual framework for .the investigation is the 'Keller PSI ♦ 
method of instruction^ (Keller, 1968). PSI is distinguished by^(a) self- 
paced instruction, (b) mastery. required before advancement, *(c) course 
content is coniminllcated primarily through written materials, and (d) repeated 
t^Bts are av{illable with imnedii^e feedback (scoring) . RuJiK,, Rulik, Bnd* 
Carmichael (1974) reviewed the evaluative research on PSI courses and^ cott- 
eluded that the effectivyeness of the PSI method "shpuld no longer be a 
matter of serious debate." 

3. Research Design and Procedure ^ ' * ^ 

The subjects were 53 students (pSimarily college f2;pshmanl enrolled ' 
In a PSI beginalng calculus section -(Calculus I) 'and ati unspecified * * 
miiid>er of students enrolled in a "comparison'!^ palci^ll^ section taij^h^ 
in a traditional lectufe-discussion* style. IMe exper j^n.t .was condlic 
Winter Quarl^ir^-4974, ^at Colorado .State Unlveriity. ' 

The variables measured were achleveiient ^d\attitu4e. An analysis'* 
of '^success rates" (numbe^r of students completing the corttrse) was ^ 
conducted. Achlevelyent was measjyred by a jaO-item Jf&ttest administered 
at the beginning of the subsequetf^quartje/r ^(Spring) ^'in t;tie iallpw^up 
course (Calculus II). Students* attituflea relating to method^ of ^ 
instruction, course content, and fulfillment oi^ expectations were measured 
during the seventh week of the Winter Quarter by the Neid|| Attitude 
Scyftl^f^ (Neidt and -Sjogren; 1968). It was given to 28 students-* in the PSI 
section jsnd 27 students in the comp^^son section. - ' > 

, The PSI students were required to complete 20 units (including V 
review units) based on miaterial from a stan^rd college calculus, text 
(7hoi&a8,^1972) in the 10-week quarter. The students were- required to 
complete all units to receive ^ final course gi^ade. A, Bj and C course 
grades were assigned based on the la^t unit test^ which was a comprehensive 
.review untt and sampled the entire course.' Students who did not complete 
the course (complete all units) were given an incon^lete grade and were 

■ ' . ' - ^ ' •'. ■ ' ••• '■' r 



allowed to complete the course in the Spring Quarter (either in the pli 
■ode or the lecture^'dlscussion mpde). . ' ' * . 

\ ' ' ' • ' ' ■ ' • * 

^ It va8 tftatfed^ that thd PSI studfents likely had higher mathematical 
aptitudes and were pro|)ably better motivated to study, mathematics than- 
the students in ^ the comparison "Section baded on standard college aptitude 4^ 
test^ (ACT and SAT tests) and declared majors..* No adjustment waa made 
lit t)te analysis fot these apparent differences. * 



4« . Find 



The posttBl- resultfi ttidicated^hdt' the A ^ B Rtudenta frnm 



(a) The posttBt- re^sultfi ttidicated^hdt' the A ^ B students from 
the PSI section /all students completing the PSI course in^he 
Winter Quarter received'A or B grades)' performed slightly 

♦ better than the A^kd B students from <She conqparison^sefj^tion 
a|^ well as the otMr tridityLonal sections. -The differences iL^ . 
wer^ not sighific^. . , • ^ - • 

. ^-'^ . ^ ' - < W ■ . ' 

(b) Ihe student attitudes in tEe comparisoqj^raditional) section 
were slightly more favorable than those of the stiideats in the 

- .PSI sept ion. Again the*diffetences were nojt al»im^nt; 

(c) ^ ,lhe "suecess'rate" strongly favored the gfadftional lect^- * 
discussion sections. Only 17 (327.), student^, from'the original* \ 

-\ PSJ jsrofi^ tcftapleted thjt course in on^quar«r^ A total oL-31 
stude^ (58%) fr<nn the original PSI group, complete^ the \ 
course in one or two quajteirs with passing graded. It was v 
stated th^t 20 8J:udents#f387.) wl^thdrew from the PSl sectipn. 
It was also stated Jthat^ 83%'^f the students In all of thd* 
tr|idit^onat sections completed .the course ^.n one quarter with- 
, ^ passing' grades. ^The "success rat€|^* ^ata for^he comparison. 

mefctionwerenot specified. - • '* , 

*5. Interpretations ^ ^ ' ^ ' ^ • 

'{ ^ The PSI calculus section wa? much les's successful thin thtf literature, 
^suggested. Withdrawal' and *failfire rates were Abnormally high, and An * ' 
unaccept&bly large txumber of^students .(48%, excluding students who ^/ithdrew 
from the PSI section> required two qt^rters to complete * the one*- quarter' • 
course. . . ^ ^ . « . 



.Three fac£i»s were Identified Which may h^e contributed to the lack 
of success in this^^xperiment of the PSI method in teaching beginning . 
calculu^^ . \ * *m^' $ ' . . ^ \ 

. • • . ' . ^; . . 

(a) PSI calculus stttdents were requlreVto laarn all material 

at a high level of mastery while oiTly some of the traditional 
. 4l^oaleulus stude^ (the A and B students, approximately 25% 
of the tq^l population) were required to "iqipster" some * 
i ^ (atdeast 85%) of . the material. ' . . 



• (c) The PSI calculus ^students tended to put off studying the 

. course njat^rial until it was too late. , * / 

It was suggested that, assuming PSl is a sound instructional system, 
the main problem for further research is to determine Jiow^e inqplementaCion 
of PSI in tiegipning calculus should be modified to. achiq||#the success of 
^pKI reported in.th'e Jjtteraturg for other disciplines. 

/ ' . 

Critical Comneritary / . ' * ' 

Hie inheren^etix!larement pf unit mastery necessary in the P>SI systib * 
^kes meaningful;|fci?parisons with traditionally ,taught sections difficult, 
• TJiis study is no exceaiion. .Ihere are a ntunber oi unanswered questions. 

1. How were the PSI students selected? , Randomly? 9y. studetlt' 
choic^' ^ ' . * ^ ^ • 

'2.* J Ho* "insignificant** were^ the diflerlHb- in^hiqvement 

gljp,/ 



'f ltoQ^tt'est scjpres? No analysistwas 



^3. ^How/'^ihsignlficant'*- were thtf .diffferences in students' attitudes? 
No analysis was. giVen. , ^ - ^ ' ■ • ^ ^ 



4. ^ .How much "bettM" were 4||^e PSI students l^nitial^? Na-^ 

quantitative data were given. Were tAie differenccSs significant? 

'5. WAS the 20-ljtem achieveiaent ^stiest' valid? • 

Other ^^tions a^e worthy of' discussion .and fuj:t4|er research, * C 

l.« Are the PSI ^achirevemfent standard ^ applied to wd.ese calculus 
, realtstic?^ '* . \ - b ^ ^ 

\^ 2. .What wdu]|^ h^vebeen the results if lectures <were ^given' in^ ^ -» 
the PSI s^tion (assuming the PSI 'format would repiain ot^et- * 
'.wise Unchanged)? ^ " ► 

3. ^e tl^ere perhaps objectives of. tifcditional calculus, instruction 
"^^^ the yUlil achievement tests '(and 

SPOuld not be. measured- in any similar study comparing the 
system with traditional infitxsuction)? ' . . 

,4/ Is'lt pejrhaps the case that the PSI calculus* ayst.^ of * 
^ ^ ' iiistructioi^ is Inherently not -effective fpr mitijr dtude^ita? ' 
* ' ^ Perhaps a ^ system worjcs well for courses tliftt are^prlirfarily 
^ . **iiiemor^zation" courses-rsuch as sonie teginnin^*science or 

laQgil||e courses. Can thcj PSI systein be modified (thus' it* ' 
would ^ longer be/ by definition, a PSI system) in order to 
be more effective in a "problem-solving" typi of course, such^ / 
• as calculus? ' • ' ' 

* The Klopfenstreln stj^^cJearly indicateis that the qu^tion is not, ' 
"How can PSI be implemenSw in beginning college calculus?"; ra'ther, the ^ 
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question ^^Ins, "Can the PSI -method of Instruction be effectively used 
'° litSaSfe beginning college calculus?" ihere is a definite need for f^rthei 
thgu|ht3Mj'!#je8earch on this queitiqn. . » 

♦' • • • ' • 
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BLEMENTigL GROUPINGS HEUI^ CHILDREN PERCEIVE CARDINALITY: A TWO-PHASE - 
RESEARCH STimY.^ Maertens, Norbert W- ; Jones, pfowan Q- ; Waite, Ardis. 
Journal for Research In Mathematics Education , ^v8 n3, ppl81-19^. May 
1977. . Y 

Expanded Abjstract and Analysis VvepsJed Especially for I.M.E. by ^ 
bouglas * Owens, University of Brl^sh Columbia. ' » • ' 

\> ^ ' ^- Phase One 

Purpose . - 

^ / The imrpose^of Phase One of the ^(^dy was to provide evidence for 
atLSverlngthe^^folJLovlng quest^lotis: 

(a) Can children more easily. Identify the carcHnaHty. of^ sets of 
objects which are eleme^n tally grouped than sets wl^ch'^re not 
^elementally grouped? ' /'^^ , ' >c * 

' (b) Can children more, easily percej||^e t]^ 9. cardinality of element- ^ 
ally grouped sets arranged In uniform patterns than In "non- 
unifprm patterns?^ ^ * - -» . 

1 . > * „ , ^ 

\ (c) Are there differences Hn flri?t*^: sjfccSfnd-, and third-grade ^ 
children's abilities to perc^ve thcT^ardlnalltles one to 
nine of sets? \ 1 • - / * - ^ 



2. Rationale ' . 



An underlying assumptflpn of t^'e^lbvestlgatdrs Is that youn^^hil- 
drto should be provlded"^ vltir exam|>les/of sets that enabl^^ ^hem to per- 
ceive the cardin^illty of the'^seftA^rapidly^, meahtegfullyVjtend without 
counting. Perceiving the whqle set Is^^an lmpox;^j||bt atep in linking 
early number concepts to the5usVt>f symbols. Pteviou4 research indi- 
cated that the maximum numt^r x>f objects 1|^.^ 'horizontal row that can 
be perceived at ofl» time jijj^houtf counting or regrouplng'is four or 
five. Whil^ not explicit!^ stiated, tte Investigators accept the def- 
inition of sets of cardinality one •tv<^gh tour as .elemental groupings # 



3. ^ Research'^DeslCT an^^ttoc^ 




Ae 8ubject;s In Phase One|were*ttkfe 239 children In grades 1, 2, and 
3 of an elementary school In j^aemir^suburbax^ middle cLass neighbor- 
hood. Subjects In each grade were randomly a&slgned .t^three treatmetit 
groups. Trf^atafent conditions for a set of seven ||bjecli are lllustiSled 
by the dlagx^g^elow. « ^ 



40 



44 



'frcratment A (IteSOy Treatment B CN-79) Treatment d CN-80) 

^Elementally- grouped Elementally grouped Nonelementally grouped 

Uniform pattern Nonuniform pattern , 

* * * ' *** ******* 



* * * * 



* * * 



Hlne 35 mm slides of red-oraenge paper dolls on a blue^backgrpund 
were vlewei^by pupils for 1/2 second with a 2-srffend iijLterval between 
slides to allow each child to respond orally to the previous sli^e* 
After practice slides (1, f^3) each child viewed the slides for one 
^ — \^ — " condition in the sequence. 1, 4, 2, 7, 3, 9, 5, 8, 6« Datk 
were analyzed as orthogonal* comparisons vith unequal group sizes* 

4. Findings ' / 

xhe investigators fotmd that wfaeji using sets with' cardinality one 
through nine: , x 

(a) Identifying the cardinality of elementally gtouped sets was 
significantly easier tl\|an identifying the cardinality of 
nonelemen tally grouped sets* 

(b) Sets of elementally grouped objects in -uniformly patterned 
axtrangeikents were significantly more easily identifiable . 

than those in* nonuniform patterns* 

» 

(c) Second- and third-grade children scored significantly higher 

than firs^ilrade children in perceiving sets having larger 

^ cardinality* ^ • 

* I 

^ Phase Two- 

(.1* Purpose 

Phase Two of the study was designed to answer the following 
questions:' ^' r ' * ^ • 

(a) Can young children be trained to *pi}^eive increasingly 
larger Jiumbersr of objects in nonelemental groupings? 



t young children be trained tb view elementally arranged 
8 of ojbects? * * . - 

What effect does pretesting priox^to training^have on 
children's ability to perceive* ej^entally and nonelementally 
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gr duped arrays? 



1. Rationale 



I 



The question^ of efficacy of training children to t)ercelve the 
cardinality of elementally grouped and nonelementally grouped sets grew 
out of Phase One. . ' • ' 



3. Research Design and Procedure 

Jbe sample for Phase Tvo was 58 children In two second-grade class- 
rooms. The children were from a different community than 1q Phase One, 
but of similar' socioeconomic back|xound« 
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TW6 treatments, one for elementally grouped sets (E) and one for 
nonelementally grouped^ets (NE) , were designed for a group situation. 
In the fltst of three 20-mlnute sessions of each treatment,* the subjects 
viewed 28 slides representing cardlnalltlte^ one through nine. None 
of the slides were these used for testing. The second session fipmiXfii . 
ed of the same' slides In a different order and *large flash cards con- 
taining various ntnibers, C9lors, an4 objects. The third training sess- 
ion )Cbnsl8ted of Glides, flash cards, a^d worksheets. The irorksheets 
were given as a timed game In irtilch children were «sked to work quickly 
and write the number of bbjects under^ each group without cduntlng.^ 

The same test was given as a pretest and a posttest. It consisted 
of 18 Items of elementally grouped objects of Phase One (Treatment, A) 
and -«<melemeht ally grouped objects (Treatmrat C), for car.dln4lities * 
one through nine. The investigators used a modified Solomon Four-Group 
Design a^ shown with sroup sizes in the figure below. Analysis of 
variance was used* to 'analyze tfa& posttest data. 
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4. Flndlnga , ' ^ ■ ' • . • * 

t 

, The results Ire given In each case for cardinalities because 
the itens 1-4- W^e similar for elemental and nonelemental groupings. ^ 
Results of the . analyses were : 
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Ca) Performance on ntnelemental groupings was ngt significantly 
different for subjects who received training in nohelement-- 
ally grouped arrays (Groups A and C)-%han for subjects who 
received training in elementally grouped sets (Groups B and 
D). . 1 

n 

(b) '^Differences in performance on elementfal groupings were 

significant in favor of those who received training on 
elemental groupings (Groups B and D) over the treatment 
group on nonelemehtal groupings (Gro\q>s A and C) . # 

(c) Subjects vho tq||lya pretest: prior to tralnljag (Groups A 
oe^Vij 



and B) perf ormeTTlgnif leant ly better than subjects vho 
had not taken the pretest^ (Groups C and D) on the posttest _ 
of elementally grouped* items ^ly. There vas no identifiable 
difference fot the nobelementally grouped posttest. 

The Investigators reported under "other findings" that for all 
subjects there was^ a m^ked decrease in ability to perceive none^jvnent-* 
al groupings ^pater than four. Further, trainipg had a* greater effect 
on perception df odd numbers of elementally grouped objects than on^ 
even numbers. In most cases, regroupings occurlng after three were 
aore accurately perceived than regroupings after four. 

In terpr e t a 1 1 on s (Phases One and Tvo) 

training in nonelemental grouping;s appeared t;o have a negligible 
effect on performance on nonelemental groupings. Training did have 
a positive effect on children's ability to^ perceive elemental group- 
Ix^s., This seems to Indicate that "...use of itfterials that are 'not 
elementally grouped for children only pleads tq rote patterning instead 
of meaningful, mental images for numbers" (p. 192) .^Judicious use of 
elemental groupings in curriculum activities* is one. way that children 
can and liquid increase their ilnderstanding of number. From the 
training it vas apparent that s<Me media ^d some arrangements were 
■ore readily perceived than others* 

The investigators give a consider^le list of suggestions for 
further research. For ^jcample, how easily are elemental gi;oupings 
vitb cardinalities greaxer |Ehan nin,e perceived? Do children need to 
Imov multiples of elemental numbers in' order to identify the ca^Pnal- 
ity of larger groupings? A number of questions remain unanswered about 
the effect of arrangement, spacing, objects represented, color of 
objects, and background on perf brmance.^ 

^ Critical Commentary 

This was a valuable stu<^^ Ln that it contributed to ^owledge 
about one aspect of young children's number concept. Perceiving the 
cardinality of a set is a very iiq>ortant facet of • number concept, but 
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it is not clear that other meims of determining cardinality, such as 
.countingi are^ necessarily rote activities* 

Op * 

^ The investigatJI^ report apparent informal observations as "other 
findings" withput rep e g^ in g the supportive data. Observations such 
as this are a Valuablgp^means of generating hypotheses for further study. 
Wouldn't it be preferable to report the data, such is group means, on 
%ihich the observations were based? • ' 

Apparently there were errors in reporting In Tables 1 and 2 vliich 
give the results of Fhasa One. The tables gave the same entry four 
times for "Source" of variation, while four different results were 
clearly being reported. . * 




RELEVANT AND SCME IRRELEVANT FACTORS IN THE CHILD'S CONPEPT OF WEIGHT, 
tfurray, Frank B.; Johnson, Paul E, * Journal of Educational Psychology , 
v67 n5, pp70^711, 1975. 

Expanded -Abstract and Analysis Prepared Especially for I.M.E. by 
Leslie P. Steffe, yniversity of Georgia. 

1. Purpose 

thi'rray and Johnson* s purpose was to propose and test aMlescriptive 
nodel for the child 's^concept4f weight. The model describes the rel- 
evant (or "logical") conditions under which an object *s .weight changes, 
itod some of the <y Important irrelevant conditions under whd[xh it does 
not change. 

2. Rationale . 

The relevant conditi9ns under which an object's weight changes are 
defined by the equation w ■ g. iin».in2- 1/^^* 'I^^ the equation, w repre- 
sents the weight pf some object of mass m^^; g represents a. gravitation- 
al constant; and d represents t^e distance between the center of the 
object and the center of the appropri^e planet of mass m2. The sources 
of irrelevant "^cmditions under which an object's weight does not chtoge 
can be quite varied. Their importance resides in the fact that students 
■ay consider conditions which ^are irrelevant to a change in an object's 
weight as relevant. Why they do so is of iiq)ortance to psychological 
research. 

The relevant and irrelevant conditions chosen for study were des- 
cribed by a collection of transformations on a clay ball. The logic- 
ally relevant transformations defined by the equation^^f or the weight 
of an object were (a) a change In the mass of the object and (b) a 
change. in the distance between the planet and the object (verticaHy 
upward or vertically downward).' Logically irrelevant transformations 
(not defined in the equation) were (a) a change in temperature, (b) a 
change in the number of connected pieces ^continuity) , (c) a change 1^ 
proximity to a larger or smaller object (context), (d) a change in » 
shape > and (e) a change in horizontal position (nearer to or farther 
from the child). 



3. Research Design and Procedure 

^ / . 

One hundred twenty white second-grade cfhildren were used as sub- 
jects. They were balanced acrola socioecpnomic groups (high, middle, 
and low) and sex. All .children had use^ the Mlnnepiast curriculum 
unit on weight. Each subject was tested individually with 18 weight 
problems concerning a clay ball. ^Ih each problem,, the subjecd^ had to 
Judge whether the clay ball was more, less, or the sane in weight as 
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It vas before the ball was changed In some way. The order of altema-* 
tlves was balanced across prbblems. The subjects were randomly assign- 
ed to two groups which differed in that Group 1 would received forward 
transformations (State A to State B) whereas Group 2 received the re- 
verse tra^£ormations (State B to -State A). In the following table, 
Croup 1 w^ld receive the "forward" transformation of liaving clay added 
to a ball, while Group 2 would have (he reverse transformation of having 
clay removed from a ball* In case of the attribute temperature, Group 
1 children would start with a warm ball and would be asked to InUigine 
the ball hard and cold outside. Group 2 children would first be asked 
to Imagine the ball hard and, cold , out side th^n would be asked to imagine 
it coming inside. For all attributes and problems, then, the Initial 
and final states .were reversed for Croup 1 and Grdlp 2. 





TRANSFORMATIONAL TYPES 


ON A CLAY BALL 




Attribute 


Mass 


^ Temperature 


0 

Continuity Context 


Problem • 


1 and 2 


3 and^A 


5 and ^ 7 and 8 9 and 10 



Transfotmation Add^Qlay Imagine Imagine Divide Into Place nex^ 

hard and hot and three pieces to bigger 
/ * cold ' soft . . " ball then . 

amaller 

: ^ ^ \ ball 



Attribute Shape Vertical Vertical Horizontal 
Dpwa»d ' Downward * Movement 

Problem ^ ll and 12 13 and 14 15 and 16 17 and 18 



Transformation 



Roll into 

a "sau- 
sage" 



Imagine on a moun- 
tain or on an air- 
plane 



Imagine in 
a tunnel 
.below 
ground or 
thrown Into 
. a deep hole 



Imagine In 
* room down 
hall . or 
move on a 
table top 



^ ' , ' " ; 

*A. Findings 

(1) The results of the relevant transformations of adding or sub- 
tracting cl]|^ to a clay ball essentially were relevant aspects of * 
•Sjeiglit" for the children. With few exceptions, the children knew that 
%fe "weight" also would change. 

(2) The results of the relevant transformation of increasing or 
decreaging the distance between the clay ball and the planet Earth - 
eaaentially were irrelevant aspects 6£ "weight" for the u:hildren. For 
the eight problems (13, 14, IS, md 16 for Groups 1 and 2) approximately 
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50 of the 60 children doing each thought the >velght would remain the 
aa&a • 

' ' ' r 

(3) The only Irrelevant transformation that was, in fact, essen- 
tially Irrelevant for the children was horizontal movement. 

(4) The difference in the proportion o^ subj^ects responding "same' 
and "not same" between the problems with horizontal movement of the 
clay ball and any other type of transformation was significant 8ta«- 
tlstically. 



5. Interpretations 

liarray and Jehnson in their discussion of the results, stated 

(1) if the child believes that ^ certain transformation 
increases weight, he should judge that the updoing of that ^ 
transformation should decrease weights . • . . The data on the 
differences in more and less responses between the groups 
clearly Indicate ^hat the subjects exhibited this consis- 
tency or reversibility for (a) addition-subtraction, (b) 

^ continuity, (c) temperature inpre^e and decrease, Cd) con- 

text transformation, and slightly less clearly for the 
^hape transformation." 

• ^ 

(2) ".... where the physicist's definition of weight is that it 
is the. function of two masses and the distance between them, 
• it appeabs that for the child of % years weight is a 
function, in trying degrees, of the object *s inass, C^mper- 
ati)^e, continuity, context, shape, and not its vertical 

or horizontal location." 

(3) "These data provide no prescriptions to the curriculum 
writer for correcting these misconceptions; rather, they 
merely point out that these errors exist and that ^erh^s 
they sj^juld be treated." • *r 

(4) "It ^(scl^r that although Mlnnemast conservation training 
did noT^generalize across other transformations, it was 
successful in some de^ee for training conservation of ' . ^ 
weight undem^he shape transformation." 



Critical Commentary 

Murray and Johsnon sffi)uld be congratulated for their excellent 
research. The ^issues are seemingly i]q>ortant for the measurement 
afrand of mathematics curricula and certainly for science cuKlcula' 
that treat weight at the early ages. While sonie data were UPbrted 
by the authors concerning acquisition of the concept of weight by 83>> 
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year-old children, there is an Important unanswered question concerning 
the natiire of their conc?ept. Murray and Johnson speak of treating 
errors, that exist In the 8-iyear-olds' conception of weight* But are 
those "errors" evidence of a primordial conception of weight and, as 
such, precious Indicators of factors a child must encounter in the con- 
structlcm of the concept?* ^ 

* . • / 
The evidence presented by the authors seems to Indicate an affltnh* 

atlve^^swer to this question, as the children had been In a unit of 
weight In the Mlnnemast curriculum. The curriculum did ^oduce non- 
generalized conservation of weight under the shape transformation. * 
Direct tutelage on the weight concept for the purpose of eradication 
"of the "errors" may do untold damage to the construction of the concept, 
•the "errors" may point to a set of factors quite critical for a child 
to encounter In a variety of situations and contexts. 

If one accepts the afisunqptton that mathematical (and. In some cases, 
physical) concepts go through "stages" tor the learner much as do 
concepts in development, a natural question to ask Is whether there 
are Identifiable states*, other than reported In 'the study, of the con- 
ception of weight for children. A natural ^rategy In such a search 
would be to look across ages for the answer. If such states can be 
Identified, then profitable traiinlng studle^s could be done attempting 
to elucidate the mechanism of transition from one state to another. 
Such tr^lnl^ig studies are potentially beneficial In the search for 
effective instructional strategies regarding weight. / 




SELF-PACED MATHEMATICS INSTRDCTIOHl A STATISTICAL COMPARISON WITH 
TRADITIONAL TEACHING* Peluso, Ada; Barapchlk, A.J* American Math- 
ematical Monthly , v84 n2, ppl24-129, Pebi^iary' 197^^. 

Expanded Abstract Hk Analjrsls Fx'epared^ Especially fojp I.M.E. by 
Harold Mick, Virginia Polytechnic institute and State University* 



!• Purpose ^ 

To compare the effects x>f two modes of* sel^-paced Instruction 
vlth traditional classroom' Instruction ds measured by final exam- 
inations and success in subsequent mathematics courses* 



2. RatlcSiale 



The open-admisslons policy at CUNY motivated the adoptl<% of 
the Kellec, Plan, and, i.n general, self-paced instruction at Hunter 
College* ' The department of mathematics expected large nwnbers of 
students with d|ft^ient backgrounds ±h mathematics to enrdLl in the 
Basic Structm:eflp^ Mathematics course* Previous researon Involving 
the Keller Plan Had shown that students enjoyed mathematics more when 
they nKte permitted to progress at their own r^tes and to interact 
with tutors. ^ 



3. Research Design and Procedure 

Basic Structures of Mathematics, a one-semester course^ Int^ended 
for non-scien7:e students, had a syllabus consisting of the elements 
of logic, relations and operations, elementary number theory, set 
theory, the rudiments of real numbers, som^ analytic geometry, and 
an Intrbduction to functions and their graphs* Each of the 6,17 college 
students who registered for the course in the fall of 1972 was assignedf 
to one of three jnodes of insif ruction: " , ' 

* Classroom CC): Regulai;^ classroom instruction, consisting 
of three lecture itours per week, with one instructor 
for approxlmati^ly 35 students* 

* 

Ikaming Center (LC>r. .Self-pacing instruction^utlM-zing ^ 
tapeslide shows,* with one instructor and one tutor 
available for each set of apprbximately 35 students. 

Learning Center-Keller .Plan •(LCK) : Similar to tC but. with 
ii Keller Plan modification in which each group of 10 . 
to 12 stxi^ents was identified with a stucient tutor* 

Copparisona jof three modes of itfst ruction were conducl^ed relative to: 
the scores of>^the final e^^amination administered at the end qf' the 
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' aemester; the number of students w^lO passed or did not pas|t ? sub- 
sequent mathematics course; and the value' of the pretest as a pre- 

Jictor of final examination performance- Of the original 617 students 
o enroll, 185 had been pretested in arithmetic imputation. The* 
design and procedures associated with the Basic 'structures course were 
aafcejitlally replicated for a beginning calculus course scheduled the 
same semester. ) \ ^ 



4. Findings 

Bfsic Structures 6f Mathematics results * A one-way analysi^ of 
variance showed a .significant difference faVoring the seff-pacing^modes 
on final examination scores (F2,487 " ^3, p<' .05) among the three 
instructional modes of the 490 students who^ompleted the Basic Struc- 
tures, course, but showed no significant difference (Fj^ 
between the two self -pacing modes. When the sample was restricted to 
the 185 students who had been pretested in arithmetic computation, a - 
two-way ANOVA showed signif l^cant differences in final examl^iati.on 
scores (F2 2^57 « 15.9, p< .05) among the three instruction modes ^favoring ' , 
the self-paciag modes. An ANOVA comparing tl^f self-pacing modes showed 
a slight superlorit:^ of LC over LCK (F2^82 *3*76, p< .05). Of the 
approximately equal projfortions' of students from the three modes of 
instructioii XC-29Z, LC-31Z, LCK-33Z) wh9 cho* to take a fubse^uent ^ 
aathemgtics courage, those in the self-pacing modes were more lUkely to 
pas^ thelr^^next mathematics 'Course CX| » 6.3, p< .05). Finally, a^ * 
regression analysis performed on predicting final examla afcion s co r e s 
as a function of ,preteat scores showed that perform^iice in/C^tod- LdK ' , 

was stroitgly related to prior mathematical skij.la but this was not the 
cAse for LC. In fact, seve^ral students entering LC with^low pretest i 
scof es ^'performed very well on the final examination. 

Calculus results . Data, from the 395 students eturolle^ in a first- ^ 
semester Calculus course were not jsub^ected to an ANOVA analysis, but i t 
it was observea that 93Z of the studepts enrolled in C took the final 
examination while only '6^)roT\ those studedta in LC andv59Z la LCK took; 
the final examination. The p/rcentages for those passing thfe course ♦ 
were 88Z, 50Z,*and ^ for-<r; LC, an^ LCK ^respectively i and;/the average 
final scores were 62.33, 60.88, and 61.^6, for C, L<J, an4 LCK Respect- 
ively. Nh^n thb sample, was restricted to the 142 students; who w^e 
pretested with a calculus /readiness test, 'a two-way ^AKOVA indicated ▼ - 
algn^fijeant differences io final examltiatfon scored (F2 ijq " 11.6, .05) 
among the three J.ns:^mctlonal modes favoring tl\e self^p&cing medes. ^ 
Follow-up data were inconclusive in terms of the likellhpod of taking / / 
the subsequei^tr calculv|^ course and of the performance in that course. \ 
A regression an^ysla^ again * Indicated that performance^^ In^*^ Vas reta- 
J^tively independent of. the preealculus pretest. ' \ ' / . 

5. Interi>re tat Ions * . 

In the Basic St)ructu]|^e8 course the twp self-pacing modes' of 

A 50- . - ... 




. . - .vy . 

> Instruction V^r^' founcT to be sup^ior to ttadttiorial* teachlng,H'oth % 

. In teros cyf final examination performance and fuccesa in suhs^quent 
% math^tlcs courses.^ In particular, the Leamfll|' Center mode^f in-<^ ^ 
,^8trubtion appeared tp itaise weak Gas ifteasured By am;ite8t) students' 

peiffo'rma^^up to the^leveX of that* of strong students. These modes ^m.^^ 
» of instruction were also compared in teaching beg inn j:ng calculus, with ' ^^^^ 

note, mixed results*. Jhe slight advantage <jf the self-pacing modes as 
.^JlMsured by final lamination performance must be weighed against 
their substanti^ally^ower siifcdessful-cpmpletion rate. 
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Commentary • 

The re^tr o*ii^his. stUidj^should have » implicatio^^or establishing 
priorities %nd'^eterifi±ning future currlci^ufi decisions at Hunter College, 
buf the istud^ has litfcle, if any, significance for the matheiltlcs 
educatipivscommunity at large. Expenditures of. timSei money, materials, 
and talent directed at^individualizlh^mathematics learning are^deserv- 
i|ig of* praise, and according to this sclfciy, these resources '"have re- 
^V^fi^^iyi^^^^^s toward meeting tW nee^s of students with deficient 
• ^ « pY average mathematics. background at Hunter College. ^ Hbwever, Che stucfy^. 

lacks ^.s^fijcierit experimental controls ^d overall quality to be general- ^ 
• , ' l«ablei;.&:.a larger population/ ' ' ' ; , V ^ 

The relation of/ this study to previous Research associated with 
'sftlf-pacing inst/uction was 6k^qhy, at best. For instance, if* it, was' 
^the Inten^ of* the authors to' extend'and build on current kiiowledge and - 
tli^ry^ why didn't they review ox report the literature^? The only re- ' 
l^^J search ^tudy ^ci^ed. found that. st;jjde^nt<s enjoy Keller courses much*more 

.tl^Mtton^eritional ' courses ^because -o^ self-pacing and interaction with. ^ 
tt^Ks, b^t no analysisswas made regarding measured of ^student attitudes. 
There alpo appears to b^e a contradiction intthe Interpretation and use 
f of t*e;feerm "sai^pacing." The entering freshmen who ^lad been -t>retested 
'and a^igned^to^»JLf-paclng' instruction had to finish ^^e.bfisic struc- ^ ' 
"^ures course^and begin^t^g calculus within the same time interval as , - 
txaditidnaL group in 'order to be Included i^ the statistical 
^lyses jtomparing relative effectiveness of the three modes of insttuc- * 
tiofl%s.,^jnjfl:le^ this deisign does cox^trol the ifeime variable, it permits ^self- 
•pacin^l only wit^n. thtf interval of one semester. Moreover,, all students 
' allegedly comQlrted each stu<Jy unit which Involvecf behavioral object v 
tives, 9elf-t^s, .cont^t in. the^form of slide-tape lessons, posttest 
for 'checking understanding, and sample examinations with answe^rs. 
Co«ideAn§, the time'/t took to complete all the selfrpac'ing lessons, ^ ^ 

it majr have iTeen the cas^ that the traditional classes had more time ^ . 
and opportunities fy* "self-pacing" .than' the self-pacing classes. If 
Obi what -assurance* d||[te the reader have that the traditioalft. ^Xa9sej|- 
jp covered all the iteterfSl on the final examination^ and, in a'jnapner ^^jR ^ ^ 
corisonant^with the pelf-pacing sample extoinations?- Did the. final' J ^ ' 
.^SWf^*^ oopsist of .questions xexemplarVof the saftple e^minatlons • 
^ Wth answers^Yf^, ^ach student in the ielf-pacing n^es of instruction? 
Were th^ quelUgaiuj^mostlj^ r?lat6d/ toyrJle--typeTlearnlng? * ♦ ^ • 
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From*a statistical point of viiew;, why w^ren-* t all students origin^ 
ally pretested? , And if the original selection of students to the three, 
modes' of instoruetion was made ^t random (randoUD' assignment was' not 
mentioned), then wliy limit the*^ analysis just to .pretested students, as^^ 
occurred wl,th the" calculus results? Generally the authors appeared / 
triasedy* as indicated by ^ir failure to report staj^stical analyses 
of 'thfifljjjUculus study for all student»& originally enrolled, for not 
^reportfl^ any data from the subsequent calculu; course* and for not 
emptia^zliig that the pretext differences favored the self-pacing modes 
In^both analyses of fi^g^^ examination scores. ' t 




A VIABLE INDiyiDUiaiZED LEARNING SYSTEM. RubUlo^ Janes JI. MATYC 
Journal, vll nl\ pp89-95i_ Spring 1977. 

Eipanded A^stra^^and Analyals Prepared Especially for I.M.E. by 
Frank Matthews, University of Houston* * ^ ^||^ ^ 

. 1. Purpose * 

The purpose *of the study was to. compare the effectiveness of a 
traditipnal mode and an individualized mode of presenting college 
•Igebrk. . ' ^ t £ ^ 



2. Rationale ^ % 

Along vlt^i many other departments across the country, the Math- 
ematics Department of Bucks tounty Community College is Involved in 
^yestigating alternatives* to the traditional mode of classroom In- 
eduction/ 

3. Research Desi^ and; Proce4ure . ^ ^ .f 

< ;l%e subjects #ere 1^0 students who regis£ered foV college algebra, 
'^hest Imbjects self-sele|t;ed tliemselves 'either^ into three exper^Lmental 
(E) lotions vhich|yere |abele4^"Indiyiduar^d Learning" (78 students) 
or i4t4^- three cont^l (C| sect^ns j[Z2 stud^s). , The experimental 
0edtio|^ Vete orga^zed |round ^ serres of 12 booklets partitioning 
the G^^se content^^l^ booklj^t contained a list of objectives, pre- 

:^?^ '^|#tv pri^ and^st-ltelf-t^ts, ^textual presentation of content 
i^£h ^Mj^rclses, a ^s't altea$iate mat^ials^ and review exercises. 
Cbitpl^i^on of ^tch^^ooklet was followed by an examination, vwl^h 70Z 
requ^^ for contii^tion. Instnjctors conducted small-grot^^s- 
^issl^^ and individual tutorials along with completing admi^Blrative 
<ttitiesfdurittg class* ' Students completing more- than two-thirds of ^he 
contc^ were avowed up to an^additional 8 weeks. 

A 25-'question multiple-choice pretest covering concept^ considered 
to be^ prerequisite was ^{(jU^nistered and^a jL-test was. used to test f^or 
Initial dlffe1*ences between the groups. In the twelfth week of the : 
semester, a locally modified attitude scale was adi&inistere4 and mean 
scores^ co&pared. At the end of the semester a 60-que8tion multiple- 
choice final was given and the results compared. ]Finally, the success 
rates. In the two approaches were compared. ^ 

' J; If ' ■ " ^ • 

4; Findings * V' 

On the pretest the experimental group had a mean score one unit 
hlghj[y than the score for the control group./ This was not, however, 
aign&icant at the 0.05 level.* • - ' 
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For the 102 studeipts who took the attitude test. there was a differ- 
^ce, in favor of the expef Ijnental group, significant at the 0*02 level. 
Scores for the 98 .students taking the final examination resulted in a 
higher mean for the experimental group which was significant at the 0.05 
level*. ^ ' ' * / ^ 

A chif-squaive «dnalysis of a contigency table for the nunfefer of 
students ^ccessfu^^ly completing the course 'indicated that significantly 
0^4.35,^tet^ifi9ant at 0.05 for ^df-l)-^ more ptudents completed the 
. ezperimentBl program. ^ « 

5. Interpretations ^ 0 ' * ^ . \ 

The investjigator states', "The Individualizeci. Learning System is 
a viable learning altertiative." Hi notes that the experimental pro- 
gram discussed produced better attitudes, a higher con^letion rate,' 
and higher final examination scores for the students Involved in the 
study. Finally, h^ states that an instructor wishing tdT, employ such' 
an approach can be assured that students are achieving and learning at 
an acceptable I^vel. • ' ^ • * ' 

o 

^ Critical Commentary 

This article, provides a reasonable^^escription of a particular . 
approach toward individualization And a Kasoned defense of its via- 
bility. Readers should, however, use care if they wish to ufee it to 
show the superiority of individualized approaches over traditional 
methods. This is an error which the author carefully avoids In Bis 
conservative intetpretation of the" results—for which he should bd 
commended. # * ^ 

^k^e equivalence df the two groups ii at least questionabJift. " A 
level of 0.15 is opite stringent when the important error wouU be 
*.to assume equivaletice where the groups are different. In fact, there 
. is less than ^chance in 5 That such a difference would occur if the 
-existing scores were divided at random into tyo tfuch .groups. The 

pDtcntial for error here is at least high enough that some effort to 
. control for an effect of pretest scores should Have been made in the 
analysis of final examination scores. The result of that t,-test was ' 
close enough 004 with a.cufoff s^e of 1.985) so that any con- 
tribution, from the pretest scores greatly affect the significance 
level. # " ^ 
» * 

A different set of problems occurs with the attitudinal data. 
First there is a subjeot selection difficuUy. Participantg^n the 
experiment did yolnatfiar^for a dif fyentiHttd of experience and may 
have begun with better attitudes. In addition, the design made no 
pretext of^ controlling for a Hawthorne effect which is likely in such ^ 
a situation. • * ^ 



1 



ERIC 



No discussion occurs of the sample-size variation contluictions at . 
each stage and the potfential for ^rror from such contrac&ionsf. This^ 
is particularly strange when you consider .that five stud&nC^ more suc- 
cessfully completed the expetimental course, than tooU required final 
examination. The reasron for this difference Is cvxicpn. ' If they'were 
students who received "incompletes," they were not among the better ' 
stiidents and their inclusion would reasonably be expecte;id to have an , 
effect on the Jt-test by lowering the difference of the means. In- add i-^ 
tion, if one were to. compare the rate of succ^essful completion \rLthis^^^ 
the senester (without the extra 8 weeks) pne would get a of ^1.94^ 
vfaicn is pot significant at any reasonable level* If, however, they 
were excef^tional ^udents for whom the final examination was not re^' * 
quired the result would be strengthened'. The reason for this shift ia* 
ns Vould be interes^ng*. ' 

» ^ 

Finally, /the generallj^abdlity of !the rcjsults depends on the amount 
of^ correspondence vith the program studied, individual^ifed inst^ctional 
systems vary in many parameters and little is known about which para- 
meters are crucial. The system discussed utilized different text mate- 
rials, more 'tests, retests, flexible scheduling; of tests, variability 
in pacine, a variety of instructional mocie s, and up to an extra 8 weeks « 
of timdt. 'A variety, of - subsets of thesS^fem|||^les and some others have 
.occurred in othet studies of th^ same $(enre. Il||reement has occurred * • ^ 
that the alternatives ai;e reasonable although^ not always^ .cost-effective^. 

^ On th^ whole the article provides |upport for the instructors who 
wish to use a povel mode of* instruction, and assists £hem in Justifying^ 
the validity of such an appro^h. It does not, however, provide them 
with much guidance as to the optimal way to approach it. It is to 
strongly hoped that further development in the area will lead to more 
such guidance. 

. ■ ■ ■ • - 
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ASSaf^S OF TE&CH^ DISCOURSE AND STUDENT ACHIEVpiEftT MATHEMAHtCS. 
Smith', Lyle R. Journal, for Research In Mathematics Education , v8 n3 
rtil95-^04. May 1977. . '"j ~7~ 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by 
John W. Gregory, University of Florida » ^ ^ 

!• Purpose ^ ^ ^ . . * 

^4he purpose of the study was to examine aspects' of discourse of 
first-year algebra teachers In order to Identify verbal Jrch^vlors re- 
lated to student achievement from a lesson on direct vai 



L bsh^vloi 
idBllon. 



!• Rationale 



The authG|^ suggests that v^ry little had b^en done in the way 
of verbal hekl^loi^ analysis fin mathematics classroomsT^No rationale 
f o^ .the varlabledP^f analysis eapJ^yed nor for^ selection of content 
was given. / - f 

sign and Procedure ^ ^ 

Twenty teachers of fitpt-year. algebra werte randoiill^ selected 
froB a large school systepi. One class of, each teacher (selection not 
explained) served in the investigation* ^ Each teacher a^redd ^to t^ach 
a twenty-minute lesson which. was to focus on (1) translating state- 
■ents Involving an expression of direct variation ^to mathematical 
equations, ,(2) solving for the constant of variation, and 13) solving 
for the^ remaining var^ble given the constant and a value for one 
variable. ^ * 

The sampling unit of classes provided a saa^le. of 455 .students 
•who received an administration of an investigator-written, 14-ltem 
test over the -three objecti^s^. Validity and relfkbllity "of the in- 
strument were not disclosed. Iftien the test was administered is also 
not^clear. . ' , 

r 

* Hean class scores and adjusted mean class scores' (utlllzltig the 
California Achievement Test scores on file as a covarl£(^te; .timing o$g' 
the CAT^admlnlstratlon not ^plained) were subjected to aorr«ffl^iQnal 
.analyses with the following ver^l behavior measures ^serving as in- 
<iependent variables: ^ ^ 

(1) frequency and percent of r^evaort examples presented ^ 

(2) a mean rating score (from 1 to 10) combining ^the- number 
of lesson objectives 'the teacher Attempted to meet, a 

-rating of "degree to which ^the objectives wer6 dealt 
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«ttlw" the."dfei:ee to ^rtilch. lesson objectives wcfre focused, 
on aad^fhef sequence In whlclj. th^y were dealt with. " ' 

, (3) average frequency of "OKs" per jftlnute of teacher talk 

C4) frequency of Irrelevant eza^les 

' » ' • ' 

. (5)' average vagueness terms perjlnute of teacher talk (in- 
* eluding asibiguous designation, negated l,xrtenslflers, 

^prozioations, error adalsslon, 'indeterminate quantification, 
■ultlplicfty^ and possibility statements) ^ 

«C6) total, lesspb time (xmdeflned, fttt seemd to include 
student work- time)' ^ ™ 

• # * ""^ ♦ • ~ 

• ^(7) total examples and application (both relevant ^and' irrej.evant) 

(i) average mazes per minute of teacher t^k, Cinclu^ing fals^ 
starts » red^d^ajcy« and tangles of wgrds) 

i9) total ^equency of ,tead4ier-initlated responses Gleflniition 
uncleaiO > <• 

(IP) tbtal frequency of stxident-initlate^ responses 

The Independent measures were obta^ped either from actiial timing or 
from trained "coder ratings of typescripts. Three l^oder interpretations 
were averaged ^or eagli' variable^ for each lesson. Reliability of the 
coders was determined and maintained upon the basis of percentage of 
-^agreement • on th^ total frequency of e£^ch variable and percentage of % 
agreement on the location of inst£^es* of' the behavior, * 

A. Findings ^ \' * . 

* Mean performance on the achievement test and measures constituting 
^ the Independent variables were sufficiently frequent and variant for. 
analysis. Some of the ranges of interest to the reviewer were "average 
•OKs' per minute"'- 0.00 to- 4.92 (one teacher used in excess of lib 
"OKs"); "relevant examples" -4.0 to 49.0; 'teacher-initiated responses" 
to 153.0; and "percent tealher talk" - 55.8 to 9^ percent. 

Correlation coefficients, using an unidentified. a priori alpha 
risk, exhibited the fo^owing significant , (reviewer-defined p< .10)" 
relationships with class » achievement: „ 

- frequency and- percentage of relevant exaiiq>les (jr » .65) - 

^ • lesson objective r^lng (£ » .58) 

^ - average "0Ks"tper minute (r • .44^ * 
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- nuvher c^,irrelevaiit examples ■ -^.SJ) ^ 

- avetagfe vagueness terms per mldVte ^ « -^•41) 

5. Interpretations , 

tt Is the Investigator* s contention that the thre^varlables ' 
relating positively with achievement Involve ..organlzatlcm, istruc- 
turln'g and clarity of leasox^." The lesson objective rating, and use 
of relevant examples were thought to provide evidence, of careful plan- 
ning and execution. An analysis of the u^e of "OK" reVeal&d that "0K"« 
1^ vas "used as' a form of punctuation mark by. some teactiers» at) 'OK* at 

% , the beginning of a statement Indicating that a new train of thought 
T . had begun» an 'QK' at the end of a statement Indicating that the 
statement vas complete." ^ 

^ The appearance of a negative correlation between frequency of ' 

vagueness terms and achievement Is consistent with work done by In- ^ ) 
vestlgators of social studies! classes tef^red to by the Investigator. 

Critical Commentary , * / 

. Having been revised as recently as 1976» it la unfortunate th^t 

* the author did not incljiide a consideration of the numerous Imyest^lga- * > 
" tions which have been conducted relative to verbal behavior 'ttialysf s • 
in mathematics classes. ^Thelreader, and author, sboold cons^er ,t^ 
> work completed and being contlj^ed by todividuals ^s^odated^PWiCh the 
Georgia Center for Research on Teaching and Le|nlngnHathema4ics. <|Aa 
> Inspection of this^work would'' reveal that the IRdy- mider re^ev h^ Just 
toixched upon some of the more sophist ^a ted analvm^^d-reii^^s ^^P^^^^ 
* in mathematics education. , w , \ ? ^/ - 

Questions brought to mind by both the procedi^ea and feMlts o| 
^ ^K^s study are: ' ~^ ' \ ' ' % 



(1) Is saae-day xestlng appropriate in Hg^t ^pilg^the necessity^ 
for stcdent practice? W6u]4 retention Miit^Ag leacl to ' ^ 
similar results? ^ , . ' ; : 

(2) Is linear regression an appropriatk^^t fechnl que of (uiilysls^ 
for frequency measures? Can we really asitsse that |he . 
highest frequency la the optilDum? i ^ ? W 



(3) 'Is it the frequency of relevant examples, dr their placed 



ment relative to def initlonja^wd practice ^^£ch leal to 
achievement? Would analysis ^df the occilrtieiiee of t|levaBti| , 
non-exn^les aloiag^ with relevaint .example lead to more 
Intetpretable findings? i I 
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.C4) Is the rate (average frequency per minute) 4n appropriate 
veasure 'In vlev of varying Individual speech, patterns? 
Does averaging averages of coder scores in jorder to pro* 
fkice a rate-per-alnute compound the problem of Interpretation? 

•» * «^ 

C5) Can habitual language C*OKs"} and vagueness .terms be re- 
placed functionally by use of valt-tlme j( silence)? 



\ 
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THE EFFECTS OF THRfe^^ INSTRUCTIONAL STRATEGIES ON PRbBLEM SOLVING 
BEHAVIORS IN SECONDARY SCHOOL ^!ATHEMATICS. Vos, Kenneth. Journal for 
Jlesearch In Mathematics Education , v7, ^264-276, November 1976, ' 

Expanded 'Abstract and Analysis Prepared Especially for I.m/e. by 
Stephen S. Wllloughby, New^York University. ^ • . 



1« Purpose 

• 

To Investigate the effect's of three Instructional strategies 
(repetition, list, behavioral Instruction) used^o Increase the effect- 
ive use of five problem-solving behaviors (drawing diagrams ^ approx- 
imating, constructing equations, classifying, data, cjoustruc^lng charts), 

2« Rationale • ' » 

Problem-solving' Ability: is generally recognized aa an Important 
^goal of mathematics education. Most research^ on' the subject has con- 
centrated on translating word problems Into number sentences and on 
answers. This research was designed to study ways of affecting* the, 
iiethods of solution, ' ^ 



. 3. Research Deslyi and Procedure. ** ' ^ ; 

The independent variable was instructional strategy. The three 
Btrat^gles^ were: - 



V 



(1) Repetition: Only* problem tasks were glven« 



(2) List: The problem task' was presented, A chfckllst of 
suggeq^ed procedures to follow was provided ^nd children 
were told to check off all procedures they "tried or 
thought about trying." Some behavioral instruction was 
provided and they were Instructed to return to t6e pro- 
blem task. 

(3) Behavior^ Instruction: Behavioral instructiocr was pro- 
vided and then the task was' presented. 

TMjB behaviors identified la a pilot study and taught In the 
treatjMt period ^ere: drawing diagrams, approximating and checking, 
vrljAg equatif(ns, classifying dat^, and constructing charts. 




Instructional « material was presented through self -d;Lrec ted, writ- 
ten material in the form of twenty problems, (about fO minutes each) used 
over a fifteen-week period. Six classes at three grade levels in a 
privatesschool ,in Iowa were involved'. The classes ([with nuinb^fi^^f 
student^ were: Algebra II (25); Geometry (29); Algebra I, section 1 
(22); Algebra I, section 2 (28); Math Survey (21); and ElementAry ^ 



' Algebra (8). The total N was 133. Low-ability students were assigned 
t<r ehe last two clasSM. The very small number of students in Elementary 
^ . Algebra resulted from unexpected schedule conflicts. In each case, 
students were randomly 'assigned to one of the three treatments. 

\ The dependent variables were: 

Ca> Scores on STEP forms 2A and 3A, Mathematics Part II (pretest) 
and Part I (posttestl , 

0>1 Scores on a Problem-Solving Apprpach Test (P^ATi constructed 
• by Vos (posttest). The students were not required to solve 
the problems, jbut rather were to thoose f^om a list of five 
approaches the best and next-|>est approaches to each problem. 

(cl. Scores on a Problem-Solving Test <PST) ilpparently constructed 
— By Vos (posttestl. Students were to show their work and were 
Scored both on' a eight-wrong basis and partial score basis. 

Analyses of variance was^used to analyse the data, ^or the PST 
^ thiere also was an analysis of the five instructed problem-solving behay- 
lors and of othe^ problem-solving beh^vj^ors. Fon the PSAT, a Newnin- 
Keuls method -was used to analyze the differences between all pairs of 
posttest means within each clas^. 



4. Findings 

There were no significant* differences betweciQ treatment groups on 
the STEP. The author reports difference^ significant at the .20 level 
for three of the six classes on the PST. On a purely descz^ptlve b^sis, 
the author reports that in the low-ability classes the, list treatment 
had the highest proportion of occurrences of the taught behaviots, while 
lij the others algebra classes the behavior instruction treatment hacP the 
highest proportion, and in the geometry class the repetition treatment 
had thp highest proportion of Occurrences.* • * 

Some differences on" the PSAT werTreported- at the .05, .10, and* 
.20 levels of "Significance generally favoring the behavior instruction 
and the 'list procedures over the repetition. 



5. . Interpretations 



The author calls attention to th<e unusual nature of the testd.he 
constructed and the instructional materials. He mentions the short time 
of treatment and the possibility that some differences reported wer#. 
■ore ^ result of regular classroom instruction by the teacher .than a 
result of the treatment. He also calls attention to the fact that 
students in more advanced classes tend to be better problem solvers. 
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Critical Commentary 

Presumably, If we knew that certain Strategies were more useful 
'^^han others, kndwln^g how to' get students to use them^ woul^d btf Important 
information. Therefore, the question asked In this study appears to te 
a reasonable question. However, forcing students to choose strategies 
from a multiple-choice list seems to be a doubtful procedure for deter- 
mining what strategies they use. In' fact', ! used a strategy of counting 
on one of the test Items shown and of drawing a picture on 'the other 
and In, neither case was my strategy listed ad a possibility, t suspect 
some stgilents may have had a similar difficulty. A case study procedure ' 
• would seem to have been more appropriate than the experjjnental procedur^^ 
used, especlall^yn light of the "fishing trip" natyre of the entire 
atudy. ^ f 



As to the statistical procedures used, given the larg^ number of . 
times analysis of variance was tried ^ the omission o£ post analysis of 
vir lance tests, the apparent complex, lack of any hypotheses, and the 
willingness of the author to report levels of significance as great as 
.20, ttiere appears to be. a father high probability that the reported 
results could have been produced by a set of random 'variables. 
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